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ABSTRACT
Using recombinant DNA techniques, the present thesis has examined up to some 
seven hundred DNA samples from various ethnic groups in Hast and Southeast Asian, 
Melanesian, Polynesian, Micronesian and Australian regions, which have been 
categorized broadly as Oceanic Populations. They were digested with up to seven 
endonucleases and hybridized with a total of fourteen DNA probes to determine the 
haplotypes in the beta-globin gene cluster, and the Albumin-GC genes, and the RFLPs of 
Renin Factor XI1IB and GST-2. The relevent proteins analyses were also carried out 
among the populations studied..
Three new RFLPs have been detected by Bell at the vitamin-D-binding protein gene 
(DBP) locus, Bgin at the renin gene (REN) locus as well as the HgiAI at the glutathione- 
S-transferase 2 (GST2) locus.
For the five polymorphic sites of the ß-globin gene cluster the Oceanic populations 
show great diversity in allele frequencies: the frequency of the HindITT sik in the -8 locus 
is >0.90 in the Polynesians and Micronesians. This is the highest frequency reported so 
far. The frequencies of the other four sites are <0.10 in all populations; the HindHt-Ay
site is totally absent in the Australian Aborigines and Niueans, but is comparatively 
common in Chinese (0.13); the HincII-\]r% site has the widest spread of frequencies
ranging from 0.02 in Niueans to 0.50 in the Aborigines. Strong linkage disequilibrium is 
disclosed between most of the 10 pairs of sites. The most common haplotype +—  
ranges from 0.50 to 0.98 in the present populations, and some rare haplotypes are also 
detected: +--++ in the Melanesians with moderate frequency (0.05-0.08), -++++ mainly 
in Tolais (0.04), and+H—  in the Aborigines (0.08).
Variation at the ALB-GC-DBP gene complexes at chomosome 4ql 1-13 comprise the 
co-segregating PstI, Haein and SacI sites at the ALB loci, three alleles at the GC locus 
and a Bell site at the DBP locus. There linkage disequilibrium between some of pairs
Vsits in some populations. The haplotype frequencies give a much wider range of variation 
than do the individual allele frequencies for either ALB or GC or DBP, for example, 
ALB*2-GC*S-DBP*B ranges from 0.00 in Rarotonga and Kiribati to 0.24 in the 
Tolais, which suggests that the haplotypes are of more value in discriminating between 
populations than the gene frequencies alone.
REN and FXIIIA are located close to one another on the short arm of chromosome 1. 
The advantage of using one enzyme (Bglll) to detect two RFLPs for the two genes 
hybridized on the same filter made possible a rapid screening of up to 781 individuals 
from 14 populations. No haplotypes are constructed since no significant linkage 
disequlibrium was found. The RFLPs distribution, which varies from 0.09 
(Rarotongans and Kirbatis) to 0.61 (Karimuis) for F13B*A, and from 0.01 (Eastern 
Highlanders in PNG) to 0.25 (Nauruans) for REN*A, is used both separately and also in 
the pooled data for the estimation of phylogenetic relationships among the populations 
studied.
GST2 and GLOl are both assigned to the same region of the short arm of chromome 
6. Unexpectedly an RFLP in the former and the protein polymorphism of the latter in 
one populations did not reveal any linkage disequilibrium. This requires further analysis.
As it has been shown that reliable estimates of genetic distance must utilize data from a 
large number of loci, all of the haplotype and RFLPs data obtained from this study have 
been pooled for the construction of the dendrograms. Comparisons are also made with 
other population genetic studies in this region based on the data from protein 
polymorphisms, HLA, nDNA and mtDNA investigations.
Considerable variation was observed in the distribution of the haplotype and gene 
frequencies, and the data have been employed for the construction of three types of 
phylogenetic trees derived respectively from Nei's minimum genetic distance (UPGMA); 
Cavalii-Sforza and Edwards' chord distance (Wagner tree) and partial maximum 
likelihood estimation.
Of the three types of trees constructed in this thesis from the combined nDNA 
haplotype and RFLP data, the maximum likelihood estimation gives a pattem that is more
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consistent with accepted relations. The features of the inter-ethnic group relationships 
based on the data in the present thesis showed that: A) Australian Aborigines are most 
closely related to the Tolais from New Britain; B) Polynesian's immediate neighbour are 
southeast Asians from Indonesia; C) Micrcnesians are closest to Polynesians and 
southeast Asians rather than to Melanesians and Aborgines; D) East Asians split next to 
the cluster with southeast Asians and E) the white Australians are most distinct from the 
other Pacific populations.
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1C H A P T E R  O N E  
INTRODUCTION
Variation within and among human populations was studied initially using 
anthropomorphic and anthropometric traits, including, among others, skin colour, 
hairform, facial features, height, weight and head shape. Such approaches are still an 
important part of physical anthropology, but they have been supplemented, or even 
replaced, by extensive data provided by the study of serological and biochemical 
characters, the vast majority of which are detectable in samples of blood.
This new approach to the study of human variation was stimulated by the observation 
that there were ethnic differences in the frequency of the "classical" blood groups 
(Hirzfeld and Hirzfeld, 1919). This observation has led to the compilation of ABO blood 
group frequency data for human populations in nearly every part of the world (Mourant, 
1954; Mourant et a i, 1958).
The development by Smithies (1955) of starch gel techniques to readily detect 
inherited differences in serum protein and its subsequent extension to include variation in 
enzymes present in blood serum or cells gave rise to a new surge of investigations into 
genetic differences between human populations.
Blood groups and protein polymorphisms
Excellent monographs have been published detailing the various blood group systems 
(e.g. Race and Sanger, 1975), haemoglobin and serum protein and red cell enzyme 
system (e.g. Lehmann and Huntsman, 1966; Giblett, 1969; Harris and Hopkinson,
1976; Brock and Mayo,1978) and the successive editions of McKusick's compendium 
Mendelian Inheritance in Man (8th edition, 1988) keeps the list up-to-date, as well as
2giving chromosomal locations for the relevant loci when known. Mourant et al. (1976) 
have collected the population data for all the blood group systems, together with a limited 
number of the biochemical genetic marker systems, whilst Livingstone (1967) has 
provided a similar documentation for haemoglobin variants and Steinberg and Cook 
(1981) for variations in the serum gamma globulin groups. Recently, Roychoudhury and 
Nei (1988) have published a compilation of statistical data on human gene frequencies for 
blood groups, serum proteins and enzymes, the HLA system and immunoglobulins.
The genetic differences among human populations, using data chiefly derived from 
blood genetic markers were analysed in broad terms first by Boyd (1950). Boyd defined 
ranges of variation for several blood group systems that distinguished major ethnic 
groups from one another. This approach became cumbersome when the number of 
genetic loci was increased and has been replaced by the computation of various indices of 
genetic distance such as that introduced by Cavalli-Sforza and Edwards (1965), 
Balakrishnan and Sanghvi (1968), Latter (1973) and Nei (1972), together with a variety 
of techniques for displaying the genetic distance matrix either as dendrograms or by 
principal component analysis. Jorde (1986) has reviewed many of the various distance 
measures and display techniques. The methods used in the present studies will be 
referred to in Chapter 2.3.
As well as quantitative assessment of genetic differentiation within and among human 
populations attention has been drawn to the unique geographical distribution of specific 
alleles in various blood group, serum protein and enzyme systems. For example, the 
blood group Diego Dia antigen is widely distributed in East and S. E. Asian populations 
as well as in Amerindian populations (e.g. Layrisse, 1958) but is found only rarely 
elsewhere. Among the serum protein systems, transferrin D chi also is found only in
Mongoloid populations, whilst a number of other transferrin variants have a variety of 
localized ethnic/geographical distributions (Kirk, 1968).
Similar ethnic/geographical localized distributions have been documented for many 
other blood group, serum protein and enzyme group systems. A few examples are: in the 
red cell enzyme system phosphoglucomutase (PGM), one rare variant, PGM 1*7, is a
3long-established gene in Asian populations, whilst PGM1*3 reaches a relatively high 
frequency in some parts of Melanesia (Blake and Omoto 1975); in the Human Leukocyte 
Antigen system (HLA), the '’European'' alleles HLA-A1 and A3 are virtually absent in 
east Asian and all Pacific populations, whilst A2 is important in Asian populations; 
similarly HLA-B8 is a common allele in European populations but is absent throughout 
the Pacific (Seijeantson et al, 1982). This ethnic/geographic localization of specific alleles 
can provide valuable information on past migrations and intermixture of human 
populations.
Another useful genetic marker system has been revealed in human immunoglobulins 
which are referred to as allotypes. They are found for the IgG heavy (H)-chain (Gm 
markers), the IgA H-chain (Am Markers), the IgE H-chain (Em marker) and the kappa- 
type light chain (Km) markers common to all classes of immunoglobulin. Population 
surveys have been carried out in many parts of the world, and the presence of certain 
unique allotypes and differences in frequencies in various ethnic groups have been 
described (Matsumoto , 1988; Matsumoto et al., 1986).
Restriction fragment length polymorphisms (RFLPs)
Recently, the discovery of DNA polymorphisms has added a new dimension to the 
study of genetic differentiation within and among populations and may provide us with 
additional insights into prehistoric human migrations (Bowcock et al, 1987; Cann et al, 
1987; Cavalli-Sforza et al, 1986; Wainscoat et al, 1986).
Kan and Dozy (1978) reported the first DNA polymorphism in man involving the 
Hpal restriction endonuclease site 3’ to the beta-globin gene, and Botstein et al. (1980) 
proposed the development of a detailed map of the human genome using restriction 
fragment length polymorphisms (RFLPs). The rate of discovery of new genetic markers 
since then has greatly increased: at present RFLPs have been reported at 1,450 loci, over 
three thousand researchers are involved and new DNA variants are being discovered
almost weekly (New Haven Human Gene Mapping Library Chromosome Plots, No.4, 
HGM 9.5, Howard Hughes Medical Institute, 1988).
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The principle of this new technique is that the restriction endonucleases recognize only 
specific DNA sequences and they cleave human genomic DNA into fragments of defined 
length. These fragments can be separated according to their molecular size by agarose gel 
electrophoresis and transferred onto nitrocellulose or nylon membranes (Southern,
1975). In addition, using recombinant DNA techniques, gene probes can be made 
representing segments of the genome containing both coding and non-coding DNA 
sequences (genomic probes) or DNA copies of mRNA containing only the polypeptide 
coding sequence (cDNA probes). The probes can be radioactively labelled and hybridized 
to the complementary DNA sequence bound to the membrane, which is then exposed to 
X-ray film and the resulting autoradiograph shows the dark bands where the probe 
sequence is identified. These RFLPs can be easily assayed in individuals, thus facilitating 
population studies (Botstein, et al., 1980).
One representative study using DNA RFLPs in human population was made by 
Bowcock et a/.(1987). They tested 30 genes or chromosome regions and found 47 
polymorphisms. Each polymorphism was detected using different enzymes with a 
particular probe, and the study was carried out among five major population groups in the 
world (Europeans, Asians, Melanesians and two groups of Africans). The results 
showed that most of the polymorphisms, first found in Europeans, were almost always 
detected at reasonable frequencies in Asians, Africans and Melanesians. The authors also 
found that heterozygosities are greatest for the Europeans, though this may be because 
the polymorphisms they used were usually selected from this population. Calculation of 
genetic distances between the population groups favoured a primary split between Eurasia 
and Africa, since the Asian-European distance is shorter than the African-European 
distance. The Melanesians are slightly more distant than Africans from Eurasians, though 
some of the differences are not significant.
Apart from the nuclear DNA genome, the mitochondrial (mt) DNA genome, a closed 
circular molecule (approx. 16.6kb), has also provided interesting information in human
5population genetic studies (Anderson et al, 1981, Cann et al., 1987). As mtDNA has a 
strictly maternal mode of inheritance (Giles et ai., 1980) and its rate of evolution is five to 
10 times faster than that of nDNA (Brown, 1979), these two unique features make it a 
valuable tool in the study of evolutionary genetics of modem man (Wilson et al., 1985).
A representative study by Cann et al (1987) on the mtDNA sequence variation, which 
used estimations based on the actual number of mutational differences between mtDNA 
genomes, showed that Africa is a likely source of the human mitochondrial gene pool. 
However this latter conclusion has been disputed by Saitou and Omoto (1987).
The studies of DNA polymorphisms in relation to human population differentiation 
referred to above have focussed their attention on the major ethnic groups. Recently 
several studies have appeared giving attention to differences between populations at a 
more detailed level. For example Lie-Injo et al .(1985) and Trent et al .(1986, 1988) have 
utilized RFLPs in the a-globin gene complex and raise interesting questions about the 
relationships between Melanesians and Polynesians in the Pacific region. Similarly, 
Summers(1987) has made use of RFLPs from regions of the X chromosome to examine 
the genetic relationship of populations from China, Thailand, Papua New Guinea and 
Australia. For mtDNA studies Horai et al (1984) and Horai and Matsunaga (1986) have 
demonstrated a high degree of mtDNA diversity within the Japanese population.
It has been estimated that RFLPs will reveal far more heterozygosity in human 
populations than that revealed by blood group, serum protein or enzyme group 
polymorphisms. This is because the methods for analysing DNA enable the selection of 
polymorphisms not evident by studying the protein gene product. These include: (a) 
synonymous mutations, where a single base change in a codon still codes for the same 
amino acid; (b) mutations which affect the 5’ or 3' regions of the gene which, although 
transcribed into mRNA are not translated into protein; (c) mutations affecting introns, 
which are transcribed into precursor mRNA but which are removed during processing 
and are not present in the mature mRNA. The mutations themselves are diverse, ranging 
from single base-pair substitutions, deletions of one or more base-pairs, duplications and 
varing numbers of copies of short segments of DNA.
6Estimates vary for the total number of RFLPs. Jeffreys (1979) reported 1 variable 
restriction site for every 100 nucleotides in the beta-globin gene region. Murray et 
a/.(1985) found 1 in 85 for the albumin gene. Bowcock (1984) using four single copy 
DNA probes found 1 in 200, whilst Cooper et al.{ 1985) estimated 1 in 300.
Roberts and Stefano (1986) discuss the question of whether RFLPs are neutral or are 
subject to natural selection. They point out that for estimating kinship or genetic distance 
it is important that they not be subject to natural selection. Available evidence ( Kazazian 
et al., 1983; Poncz et al., 1983) indicates that polymorphic restriction sites are 
concentrated in the introns and flanking sequences rather than in coding sequence of 
genes. In most cases they are therefore unlinkely to be subject to natural selection. 
Roberts and Stefano (1986) also point out there is no reason to expect linkage of RFLP 
polymorphisms to be constant over all populations so that valuable information may be 
obtained from the study of linkage disequilibrium in different populations in the world.
Several studies have investigated the distribution of RFLPs in more than one ethnic 
group. For the MHC gene cluster the distribution of RFLPs in a number of populations 
has been summarized by Seijeantson et al. (1987). In some cases an RFLP may be 
restricted to a particular group of populations, as is the case for the RFLP associated 
with HLA DR5 in some Pacific populations (Kohonen-Corish and Seijeantson, 1985).
RFLP frequencies for the globin gene regions have been given for a number of 
populations (Antonarakis et al. 1982 a & b; Kazazian et al. 1983; Pagnier et al. 1984; 
Ramsay and Jenkins, 1987, Trent et al., 1986, 1988). Wainscoat et al. (1986) have used 
the frequencies of RFLPs in the ß-globin gene region to carry out a genetic distance 
analysis of major world populations. Some other examples, where frequencies in at least 
two different ethnic groups have been given, include: (1) The presence or absence of a 
dihydrofolate reductase gene in several ethnic groups (Anagnou et al., 1987); (2) A 
polymorphism due to a varying number of repeat sequences in the flanking region of the 
insulin gene (Bell etal., 1981, 1984; Seijeantson et al., 1983); (3) HLA-DR and -DQ 
polymorphisms in Polynesian and Melanesians (Seijeantson etal., 1987); (4) Aldehyde 
dehydrogenase-2 atypical genes in Europeans and Japanese (Shibuya et al., 1988); (5)
7Haptoglobin gene (Hill et al., 1986); (6) the RFLPs of the albumin gene (Murray et aL, 
1984, 1985, 1987); (7) apolipoproteins A-l, C-IH and A-IV genes (Foul H et al., 
1987); (8) erythrocyte/Hep G2-type glucose transporter (Xiang et al., 1987); (9) Various 
genes on the X chromosome (Summers, 1988) etc.
A detailed tabulation of the frequencies of RFLPs in various gene systems for more 
than one ethnic group is given in Table 1.1.
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Haplotypes in population studies
The term "haplotype", the shorthand word for "haploid genotype", was introduced by 
Ceppellini etal. (1967) to describe the combination of polymorphic sites of genes 
clustered along one chromosome.
In human population genetics, as emphasized by Seijeantson (1985), the information 
derived from haplotype frequencies is more valuable than that of the individual gene 
frequencies, since the former is based on the genetic variation of one segment of a 
chromosome rather than individual random gene loci. With the increasing use of cloned 
DNA probes, making possible the detection of polymorphic sites in increasing numbers, 
haplotypes have been defined on several different chromosomes and are now being 
studied in human populations.
The alleles which combine together to form haplotypes are variants of genes, or sites 
within or close to the coding sequence of genes, which occur together on the same 
chromosome. They are likely to be tightly linked if close together and more and more 
loosely linked as sites become more widely separated. When alleles of linked loci occur 
jointly in a population more often on the same haplotype than expected by chance, they 
are said to be in linkage disequilibrium. In the case of a genetic system with two closely 
linked loci, linkage disequilibrium (denoted D ) between an allele a at the first locus and 
an allele b at the second locus is defined as an increase (+ D ) or decrease (- D ) in 
association compared with the results of random association.
If an equilibrium exits in a panmictic population, the frequency (Pab) of a
chromosome carrying the alleles a and b is given by the product of the gene frequencies 
of a (Pa) and b (P5):
a^b = Pa x Pb
Linkage disequilibrium is defined as:
D = Pab * Pa x Pb
One of the best examples of linkage disequilibrium is that of the haplotypes between 
the various loci in the HLA system. For instance, in populations of Northern European 
origin, where the average frequency of the haplotvpe A1,B8 is about 9% (0.09). The 
separate frequencies of the A-locus allele A1 is 0.17 and of the B-locus allele B 8 is 0.11, 
so that the expected frequency of A1B8 should be the product of the frequencies of the 
constituent alleles ( 0.17 x 0.11 = 0.0187 or a little less than 2%),  if the two loci behave 
independently. The observed frequency of the A1, B8 haplotype therefore is more than 
four times as high as the expected frequency.
In small and isolated populations, disequilibrium may result from random genetic 
drift, founder effect, or a high level of inbreeding. In larger populations, these various 
factors tend to be negligible, but linkage disequilibrium can be the result of selection or 
mixing of populations. Sufficiently strong selection can generate and maintain linkage 
disequilibrium: a selectively favourable mutation in a population will increase in 
frequency to an equilibrium value or to fixation, the frequencies of alleles at closely 
linked loci will also alter, and this "hitch-hiking” of the genes increases the linkage 
disequilibrium. Migration and admixture may also create linkage disequilibrium: the 
mixing of two populations which are genetically different and with no linkage 
disequilibrium in the original ones might be the explanation for some cases, such as the 
linkage disequilibrium for the haplotype HLA-A1,B8 in the American Black population, 
as neither linkage disequilibrium between A1 and B8 nor relatively high frequencies of 
these alleles are found in African Black populations (Degos and Dausset, 1974).
Since the linkage disequilibrium generated decreases monotonically with increasing 
recombination fraction, one would be less likely to observe significant disequilibrium 
between loosely linked than between tightly linked loci.
With the increasing use of cloned DNA probes in genetic studies, many more 
polymorphic sites are being defined and it is now possible to study relationships between 
loci whose distance is measured in kilobases (kb), rather than centimorgans (cM). On the 
average, the physical distance represented by 1 cM (0.01 recombination fraction) is about
1C)6 base pairs, or 1,000 kb. For mapping the human genome, Botstein et al.( 1980) 
suggested the need for linked markers about 20 cM apart (i.e., 20 million base pairs).
A number of studies of closely linked RFLP sites have found widely varying extents 
of linkage disequilibrium. Several samples are cited as follows.
1. The ß-globin gene cluster (which will be discussed in detail in Chapter 3) studies 
revealed linkage disequilibrium of DNA sequences at the ß-globin gene cluster in all 
populations studied. As there are always two possibilities, presence(+) or absence (-) at 
each site, the cluster with five sites may expect to have 2^ or 32 possible haplotypes, 
however, the results from Antonarakis et al. (1982) showed that only 3 haplotypes: +— 
—, -+-++ and -++-+, occur commonly in Eurasian populations, while in contrast, the 
fourth haplotype, — + was found with a high frequency (37%) among Africans and is 
absent in the other populations. Wainscoat et al. (1986) analysed some 600 
chromosomes from eight populations and revealed 14 of the 32 possible haplotypes, two 
African populations have a common haplotype (— +) which is absent in all the non- 
African population. Two other new haplotypes (+—H- and -++++) presumably formed 
by recombination events, were found in the Melanesian and Polynesian populations. 
None of the four common haplotypes can be derived from any of the other three by either 
a single crossover or by a single-base mutation causing the loss or acquisition of a 
restriction enzyme site. The authors suggested, therefore, that these four haplotypes 
predate the racial divergence and hence that these structures have been stable for long 
periods of time, possibly of the order of 100,000 years.
2. The a-globin gene cluster studies also revealed highly informative genetic loci. 
Higgs et al. (1986) screened nine populations (British, Mediterranean, Asian Indian, 
Saudi Arabian, Papua New Guinean, Island Melanesian, Southeast Asian, Jamaican and 
Nigerian) with seven probes and tested with 26 enzymes. They found 9 common 
polymorphic markers (i.e. where the common allele has a frequency of at least 0.05 in 
most populations) and identified five predominant haplotypes that occur with predicted 
frequencies of about 0.3-0.5 in the populations studied. Only 29 haplotypes of the 768 
theoretical different combinations were detected, which suggests that linkage
disequilibrium exists between these polymorphic markers. The observed frequency of the 
common haplotypes within any population exceeds the predicted frequency calculated 
from the product of the frequencies of the component polymorphic markers in that 
population by a factor varying between 5- and 50- fold. This again supports the general 
argument for linkage disequilibrium in the a-globin cluster. More recent study 
(Hertzberg et al. 1988) showed that a-globin gene haplotypes enable some populations to 
be distinguished from the others, and the gene rearrangements are each associated 
exclusively with certain particular haplotype(s), providing evidence of a single 
evolutionary origins for each.
3. The human growth hormone gene cluster (hGH) located on chromosome 17, and 
spanning about 50kb, was studied in terms of polymorphism and linkage disequilibrium 
patterns (Chakravarti et al., 1984). Six RFLPs of the hGH gene were discovered with the 
Bgin, Hindi, MspI and BamHI restriction enzymes in the populations of U.S. Blacks, 
Mediterraneans and Northern Europeans. With this set of closely linked markers, it was 
found that the linkage disequilibrium between sites were highly significant at the 1% level 
in all pairs of the Mediterranean and Northern European groups but the disequilibrium is 
lower in the Blacks (only 2 of the 6 pairs are significantly associated). The authors 
suggested that this is possibly due to recent admixture.
4. Rees et a/.(1986) detected two variable restriction sites at the Apolipprotein A-l and 
C-m gene loci, an SstI site at the 3 'end of the C-IH gene and an MspI site at the A-l 
gene, 3.8kb apart from each other. The alleles at these sites are in linkage disequilibrium, 
the S2 allele is found only in association with the M2 allele, whereas the S1 allele is 
found with both the Ml and M2 allele. The authors proposed that the MspI 
polymorphism is likely to have evolved prior to the SstI polymorphism. However, this 
linkage disequilibrium was not detected in European population (Rees et al., 1985).
5. The a -l  antitry-psin (AAT), also called a  1-proteinase inhibitor (PI) locus was 
reported by Cox et al. (1985) to have extensive linkage disequilibrium. PI locus is on 
chromosome 14q24.3-q32.1. Cox et al. used 10 restriction enzymes and a 5' 4.6kb 
probe. For 32 normal controls with PI type M l, M2, M3 and S (determined by iso-
electric focusing using samples of plasma), and 26 patients with PI type ZZ, 3 
polymorphisms were found at SstI, MspI and Avail sites (which are 2kb and 0.2kb 
apart). The haplotype -++ occurred with 51 of the 52 PIZ alleles, and +++ with one, 
which they suggest was due to a crossover or mutation event. In normal controls, on the 
other hand, no significant association between alleles was observed despite the close 
proximity of sites, indicating free recombination between the three sites. Using Avail and 
the 3' 6.5 kb probe, the haplotype termed 1367 with an absence of bands of 4 and 5, was 
not observed in the normal control individuals but was found in all of 26 PI ZZ 
individuals. Using TaqI and the 3’ probe, 51 of the 52 ZZ haplotypes show identical 
polymorphism at this site. In this study, therefore, most of the PI Z alleles detected 
belonged to a single unique DNA haplotype. This is an exceptional case for diseases 
studied to date. The lack of linkage disequilibrium between sites in the normal population 
suggests an ancient origin for the polymorphisms or a region of high recombination rate.
6. Insulin gene haplotypes at chromosome lip  15 were screened by 3 probe segments 
and 13 different restriction endonucleases ( Chakravarti et al., 1986). Five RFLPs, 
digested by Rsal, TaqI, HincII, SacI and a 5'FP DNA length polymorphism, can be 
detected in the U.S. and African Black populations, while the Europeans and Pima 
Indians are polymorphic for only three of them. Population genetic analysis showed a 
low level of linkage disequilibrium (p=0.09 in U.S. Blacks; p=0.65 in Europeans and 
p=0.44 in Pima Indians) within this 20 kb segment, which suggests that recombination 
occurs more frequently than expected, in this region, and that a 1% recombination 
corresponds to 42 kb rather than 1,000 kb as the average fraction.
The accumulation of results from linkage disequilibrium studies is valuable for testing 
the decline of D with increasing physical distance. Chakravarti et al. (1986) recently made 
a comparison taking physical distance along the chromosome into account and measuring 
the standardized recombination frequency per kb (F). They showed that the degree of 
linkage disequilibrium is clearly related to physical distance: the value decreases sharply 
from 0.4 to about 0.15 at the distance of 0 to 5 kb, then it continues to decrease but much 
more slowly from 0.15 to about 0.08 at the distance of 5 to 25 kb. However, there might
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be exceptions to this trend, since there are "hot" and "cold" regions for recombination, 
with recombination fractions greater or less than expected, that lead to linkage 
equilibrium, or very low linkage disequilibrium, within closely linked loci, such as in 
some of the examples given above.
Linkage disequilibrium analyses at the DNA level have become the basis for a new 
aspect to the study of the genetic relationships of human populations. Most of the reports 
on RFLPs, haplotypes and their linkage disequilibrium in different ethnic groups suggest 
that these phenomena predate the divergence of the parent populations since they are 
usually shared by the different populations, and hence that they have been stable for long 
periods of time of the order of 100,000 years. The information from the globin gene 
cluster, insulin gene etc. may fall into this category (Wainscoat et al., 1986, Charkravati 
et al., 1986). On the other hand, the results from some DNA loci indicate that they are 
restricted to certain populations and therefore arose after the divergence of the major 
ethnic groups. In some cases, they are introduced into other populations by recent gene 
admixture, as the information from the human growth hormone gene cluster (Chakravarti 
et al., 1984), and the apolipoprotein A-l and C-III loci (Rees et al., 1986) suggest. 
Linkage disequilibrium decreases in large, randomly mating populations in the absence of 
selection at a geometric rate, dependent on the recombination fraction (1-r) per 
generation. With a recombination fraction of 0.8%, for example, between HLA-A and 
HLA-B loci (Bodmer et al., 1978), it takes 200 generations or about 5,000 years to 
reduce any linkage disequilibrium in the founding population by a factor of 5 
(Seijeantson et al, 1982). Therefore, its use for studying population relationship and 
evolution is valuable.
Studies in the present thesis
The aim of the present studies is to further explore the use of recombinant DNA 
techniques in human population genetics in the Oceanic region. DNA samples from 
fourteen different populations in East Asia, Southeast Asia, Melanesia, Polynesia,
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Micronesia and Australia were screened, with a total number of up to seven hundred 
individuals and over one thousand chromosomes analyzed. Several separate gene clusters 
have been studied and RFLP gene frequencies, haplotype frequencies and linkage 
disequilibrium values determined.
The first haplotype involves five polymorphic restriction enzyme sites in the ß-globin 
gene cluster on chromosome 1 lp 15. By the application of two restriction endonuclease 
enzymes and three b-globin gene probes, polymorphisms at five sites were detected as 
previously described by Antonarakis et al.{1982). New data on 852 chromosomes from 
12 populations in Asia and Oceania are analyzed and combined with the previously 
published results, which total 813 chromosomes, from other parts of the world for a 
global analysis. The phylogenetic relationships among the haplotypes and frequencies 
within populations are also studied.
The second haplotype used the RFLPs of the albumin (ALB) gene and the iso-electric 
focussing (IEF) patterns of the GC protein (also called vitamin D-binding protein, DBP) 
as well as the RFLPs of the DBP coded by a nearby gene on chromosome 4ql 1-13. A 
new RFLP has been detected at the DBP locus and used to determine the haplotypes of 
ALB-GC-DBP. There were two RFLP types each at the ALB and DBP loci together 
with three alleles of GC, all 12 possible haplotypes were identified and found to have 
different distributions in the populations studied.
The third cluster used the recently discovered RFLPs of the genes for coagulation 
factor XniB on chromosome lq3.2 and a linked locus of the renin gene on chromosome 
lq4.2. They were screened in the fourteen ethnic groups.
The fourth study is for a new RFLP of the human glutathione S-transferase 2 (GST- 
2) on chromosome 6pl2. This has been studied in 3 populations, and a linkage 
disequilibrium analysis was made for GST-2 and a protein polymorphism of a red cell 
enzyme glyoxlase (GLO I) coded also on the short arm of chromosome 6.
Dendrograms based on several genetic distance measures have been plotted using the 
haplotype and RFLPs frequency data, and all the data in the present studies are combined 
and collated into eight major ethnic/geographic group for a general analysis.
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2.1 Populations studied
A total of 14 ethnic groups ffom Asia, Oceania and Australia have been studied, but 
not all of the series were included in every investigation. The blood samples from these 
populations were available in the Human Genetics Group, Division of Clinical Sciences, 
at the John Curtin School of Medical Research, Canberra. They had been collected 
previously for other population genetic studies. DNA was extracted from buffy-coats or 
lymphocytes. Plasma ( for GC typing) and haemolysates (for GLO typing) prepared ffom 
venous blood samples had been stored for varying lengths of time at -20°C or in a liquid 
nitrogen freezer.
Wherever possible, 50 unrelated individuals (100 chromosomes) from each 
population were screened. The populations studied and further details in the reference 
sources are listed in Table.2.1; Figure 2.1 shows the sample localities.
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Table 2.1 Sample localities and source references for populations studied
Population sample locality Source reference
East Asians 
Northern Chinese 
Southern Chinese 
South East Asians 
Indonesian 
Melanesians 
PNG Lowland 
Madang 
Toiai
PNG Highland 
Karimui 
Highlander 
Polynesian 
Rarotongan 
Niuen
Micronesian
Nauruan
Kiribati
Australian Aborigine 
Kalumburu 
Mowanjum 
White Australian
Beijing Chen and Cui (1982)
Hongkong Hawkins (1987)
Jogjakarta, Java Kirk (1982)
Coastal area 
Rabaul, New Britain
Fringe area of the Highlands 
Goroka, Eastern Highland
Cook Island 
Niue
Nauru
Betio, Kiribati
North-West Australia 
North-West Australia 
Canberra
Yenchistomanus et al. (1986)
I !
11
tf
Chen et al. (1987)
tt
Seijeanson et a l (1987) 
Chen et al. (1987)
Yenchitsomanus et al. (1986) 
»
Board et al. (1988)
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Figure 2.1 Map showing the localities where sampling occurred in the Oceanic areas
I1 3  ^
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2.2 Laboratory Methods
2.2.1 Sources and description of the probes
A total of 14 probes from six gene loci have been used in the study. Descriptions of 
these probes (name of the clone, nature, insen size, vector, chromosome location, 
restriction endonuclease used and the variant bands) are shown in Table. 2.2.
The human serum albumin probes were obtained from Dr. R. Lawn, Genentech, San 
Francisco; the human vitamin D-binding probes were from Dr. N. Cooke, Dept, of 
Medicine and Human Genetics, University of Pennsylvania School of Medicine; the beta- 
globin gene probes were from Dr. S. L Thein, MRC Molecular Haematology Unit, John 
Radcliffe Hospital, Oxford; the human renin gene probe was from Dr.B.J. Morris, 
Molecular Biology and Hypertension Laboratory, University of Sydney; the coagulation 
factor XUIB was from Dr. A. Ichinose of the Biochemistry Dept., University of 
Washington, and the human glutathione S-transferase 2 gene probes were from Dr. P. G. 
Board, John Curtin School of Medical Research, Australian National University, 
Canberra.
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2.2.2 Transform ation of Escherichia coli by plasmid DNA
All solutions, materials, and glassware were sterilized, and techniques required for 
Cl level of containment were practised (Recombinant DNA Monitoring Committee 
1985). Recombinant plasmids were introduced into competent E. coli JM103 or HB101 
by the methods described in the "Manual for M13 cloning/sequencing system" 
(Pharmacia, Uppsala, Sweden). Rapidly growing cells (O D ^ q = 0.5) were centrifuged
at 4°C and resuspended in l/5th growth volume of lOmM NaOAc pH5.6, 50mM 
MnC12, 5mM Nacl and left on ice for 20 minutes. The cells were then pelleted and 
resuspended in l/50th growth volume of lOmM NaOAc pH5.6, 70mMCaC12, 5mM 
MnC12 and 5% v/v glycerol. Competent cells prepared by this method were snap frozen 
on dry ice and stored at -70°C.
Dried plasmid DNA was dissolved in TEjO-1 (50ng/|il) and diluted 1 in 10 in the
same solution. Competent E. coli JM103 cells were thawed on ice. The E. coli cells (100 
p.1) were gently mixed with the plasmid DNA solution (50ng/10 pi), and after sitting on 
ice for 30 minutes, heat-shocked at 42°C for 2 minutes; then added to 1.0 ml of LB 
(Luria-Bertani) medium and incubated at 37°C for 1 hour. Aliquots 50jil of the cell 
suspension were spread onto LB plates containing an antibiotic appropriate to the 
particular plasmid vector (ampicillin for the hDBP and REN clones, tetracycline for HS A 
and the globin gene clones). The plates were inverted and incubated at 37°C overnight. 
Colonies were picked and streaked onto a second plate to separate them from surrounding 
satellite colonies. These were kept as the source of transformed bacteria for plasmid 
probe preparation. Stabs of the transformed bacteria were made in vials for longer
storage.
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2.2.3 Mini-preparation of the plasmid probe
Small-scale preparations of plasmid (plasmid "mini-preps") were used to check that 
the correct plasmid probe had been prepared. A 1.5}il culture could yield about 10pg of 
plasmid DNA, enough for rapid restriction enzyme analysis and sometimes also enough 
to be used as a probe for hybridization.
(1) A single E.coli colony containing a recombinant plasmid was used to inoculate 5ml
of LB containing 5fil of antibiotics (10qg/ml). Cells were grown overnight at 
37°C with vigorous shaking.
(2) The culture was transferred to an Eppendorf tube and spun for three minutes in a 
microfuge. The cell pellet was resuspended in 90|il TE^q-I» to which lOul
lysozyme (40|ig/mi) was added, and incubated for five to ten minutes on ice
(3) Then 200p.l of alkaline SDS (0.2M NaOH, 0.1% SDS) was added, the tube was 
gently inverted twice and left on ice for five minutes.
(4) Following this, 150|il of acid salt (3M NaOAc pH 4.8)
was added, gently mixed and the solution was left to stand on ice.
(5) After ten minutes the mixture was microfuged for five minutes; at least 400ul of 
supernatant (add H2O if necessary) was taken into a new tube and extracted once 
with equal volumes of phenol and chloroform.
(6) After centrifugation to separate the phases, 2/3 volume of isopropanol was added to 
the supernatant. The sample was vortexed and stood on dry ice for 15 minutes or until 
frozen.
(7) The precipitate was collected by centrifugation for 10 minutes (while frozen) and the 
pellet was rinsed with 70% ethanol and dried under vacuum.
(8) The pellet was resuspended in lOOjil TE10-1 and incubated with DNase-free 
Ribonuclease A (final concentration 10ug/ml) at 37°C for 30 minutes.
(9) The solution was extracted once more with equal volumes of phenol (50pi) and 
chloroform (50|il).The separated supernatant (90jil) was precipitated by adding the 
acid salt (lOfil) and isopropanol (80ql), freezing, spinning and washing in 70%
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ethanol (180jil) as in steps (5-7).
(10) The pellet was dried and dissolved in 30(il of TE^o-5 , then 2|il was applied to a 
mini-gel.
2.2.4 Large-scale plasmid preparation
A large quantity of plasmid probe was prepared from 200ml of plasmid amplified 
bacterial culture as follows.
(1) A 200ml solution of LB containing appropriate antibiotics and 2ml of overnight 
culture was incubated with vigorous shaking until OD^qo = 0.6-1.0. A 1.0ml
solution of chloramphenicol (34mg/ml in absolute ethanol) was added and the 
incubation continued overnight.
(2) The bacterial pellet from the culture was resuspended in 3.6ml TEiq-5 > a tota* °f 
0.4ml lysozyme (40mg/ml in H2 O) was added and the suspension was left on ice for 
10 minutes.
(3) A 8ml solution of alkaline SDS (0.2N NaOH, 0.1%SDS) was added to the bacterial 
suspension and mixed gently inverting the tube several times. This was left to stand 
on ice.
(4) After 10 minutes a total of 6ml 3M sodium acetate pH 4.8 was added, the tube mixed 
gently and left on ice for a further 10 minutes.
(5) The precipitated solution was then centrifuged at 17,000rpm for 30 minutes at 4°C in 
a Sorval rotor to remove cellular DNA and bacterial debris.
(6) The supernatant was extracted with phenol and chloroform, and repeated once more 
with chloroform. The aqueous phase was collected and 0.6 volumes of isopropanol 
was added and left on dry ice for 30 minutes ( or -20°C for two hours).
(7) The DNA was recovered by spinning at 10,000 rpm at 4°C, the pellets were washed 
with 70% ethanol and dried briefly in a vacuum desiccator.
(8) The pellet was resuspended in lml TEjo-I and incubated with 5-lOql of lOpg/ml
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RNase at 37°C for 30 minutes.
(9) The solution was extracted with phenol and chloroform.
(10) The separated supernatant w'as precipitated by adding 1/10 volume of 3M sodium 
acetate and two volumes absolute ethanol or 2/3 volume isopropanol (-20°C overnight 
or -70°C for 20 minutes).
(11) A test restriction enzyme digestion was carried out to remove the insert. If agarose 
electrophoresis revealed that the plasmid was not digested or if high molecular weight 
DNA was present, the plasmid DNA was purified by CsCl-Ethidium Bromide 
density-gradient centrifugation (5ml TE^o-l» 5g CsCl and 0.5 ml 10 mg/ml ethidium
bromide), at 40K rpm in a Beckman 70.1Ti rotor for 48 hours at 20°C. Plasmid DNA 
was recovered from the gradient as described by Maniatis et al. (1982, p 81-83).
2.2.5 Large scale lambda DNA preparation
The renin gene probe (M4R) is a 14.5kb fragment cloned in the bacteriophage Charon 
4A. A large scale purification of lambda DNA was made from the original stock (10^/jll
pfu), a 5 x 10^ of the bacteriophage was added to 10*0 of the cell ( ED8655 ), and mixed 
with 500ml LB + MgSC>4 (5ml of 1M). The culture was incubated at 37°C overnight.
Bacteriophage was isolated as described by Maniatis et al.{ 1982, pp 80-84). The pellet, 
which was obtained after overnight dialysis, was purified in a CsCl gradient at 35K rpm 
for 24 hours at 4°C. Subsequent extraction of bacteriophage DNA was carried out 
according to Maniatis et al. (1982, p 85).
2.2.6 Subcloning into single-stranded bacteriophage M13
Some clones (e.g. hDBP140) were too small to be effective probes when nick- 
translated. These were sub-cloned into bacteriophage M13mpl8 and labelled by primer 
extension (Messing et al., 1982; Messing, 1983; Norrander et al., 1983).
(A) Ligation into M13mpl8
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The plasmid containing the inserted probe and the single-stranded bacteriophage M l3 
were digested separately with the same restriction enzyme(s) that cut the sites where the 
probe was cloned. The M l3 vector was then dephosphorylated with alkaline phosphatase 
to prevent recircularization (Maniatis et al. 1982) After digestion and dephosphorylation 
the M l3 was phenol extracted, precipitated and resuspended in TE jQ-5 at a concentration 
of 40 ng/ul. One }il of the treated M l3 was mixed with an approximately equimolar 
amount of the cut and extracted insert and heated to 65°C for 10 minutes. Lastly, lfil of 
5x ligation buffer (250mM Tris/HCl pH 7.6, 50mM MgCb, 25% w/v PEG, 5mM ATP, 
5mM DTT) and two units of T4 DNA ligase were added, mixed and incubated overnight, 
at 15°C (Maniatis et al., 1982).
(B) Transformation and plating
The method used followed the "Manual for M l3 cloning/sequencing (Pharmacia, 
Uppsala, Sweden). The ligation solution was added to slowly thawed competent cells 
and left on ice for 30 minutes. This transformation solution was then heat-shocked at 
42°C for 2 minutes and added in a tube with IPTG and X-Gal, soft agar and exponential 
cell culture. The mixture was poured onto a pre-warmed LB plates and incubated inverted 
at 37°C for 12 hours or overnight.
(C) Growing phage
A white plaque was picked from the LB plates and used to inoculate 2ml LB plus lOpil 
exponential JM 103 cells (one blue plaque was picked as a control), the culture was 
shaken vigorously at 37°C for eight hours, then approximately 1ml of the supernatant 
was decanted and spun for 10 minutes at room temperature.
(D) Analyzing phage DNA
A 20(il aliquot of supernatant was mixed with 5|il of DIGE dye (3% SDS in BPB 
loading buffer, 30% glycerol, 15 mM EDTA, 0.25% bromophenol blue dye), the mixture 
was heated at 65°C for 10 minutes, spun down and loaded on a 0.7% agarose minigel. 
M l3 DNA with inserts of more than 200bp can be detected as a noticeable decrease in 
mobility compared to the DNA from the blue plaque.
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(E) DNA preparation with glass fibre filter (Kristensen et al, 1987, modified by P. 
Johnston in this laboratory.)
A 10(il aliquot of glacial acetic acid was added to 1ml phage supernatant and incubated 
for two minutes at room temperature. The solution was added to a 7mm glass fibre filter 
(Whatman GF/C) dropwise on a sintered glass filtration unit with suction from a water 
pump. The filter was washed gently with 1 ml of 4M NaClOq, 10 mM Tris-HCl pH 7.5,
ImM EDTA, and rinsed with 1 ml 70% ethanol to fix the DNA. After air-drying for Eve 
minutes, the filter was eluted with lOfil O.lx TE in a 0.5ml Eppendorf tube with hole 
punched in bottom and placed inside a 1.5ml Eppendorf tube, which was spun down in a 
microfuge. The DNA collected was labelled by primer extension and used as a probe. 
To check that the correct DNA had been isolated it was hybridized with the cut insert.
2.2.7 Subcloning into plasmid
The pUC series of plasmids (Yannisch-Perron et al., 1985) were used for the 
subcloning of DNA fragments from the lambda clone ( X ). The vector preparation, 
which involved restriction enzyme digestion and dephosphorylation of 5' phosphates to 
prevent recircularization of vector DNA, was carried out according to standard 
procedures (Maniatis et al., 1982). The fragments were digested and separated from the 
lambda vector by electrophoresis in low melting point agarose gel (Sanger et al., 1980). 
Ligations were carried out using two units of T4 DNA ligase (BRESA) according to 
methods described in section 2.2.6.
2.2.8 Human genomic DNA preparation
(A) Preparation from buffy coats ( Grunebaum et al., 1984)
DNA was prepared from 10ml of whole anticoagulated blood that had been kept 
frozen (-20° or -70°C) for periods of up to several months or years.
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After thawing, the buffy coats were removed into sterile tubes, and washed (2 
volumes of 20mM Tris, pH 7.5, 5mM EDTA) and centrifuged (4,000 rpm for 5min)
three times.
The residual pellet was resuspended in 4ml of TE and incubated at 37°C overnight 
with 200|il 10% SDS and 400pi proteinase K (lmg/ml in sterile water).
The solution was extracted twice with 2.5 ml phenol (equilibrated with 0.1M Tris, pH 
8.0, 0.1% 8 hydroxyquinoline) and 2.5ml chloroform-isoamyl alcohol (24:1), and twice 
with chloroform/isoamyl alcohol. The DNA was ethanol precipitated, washed in 70% 
ethanol, and resuspended in 250-500jil of TE20-5* The final DNA concentration and
purity was determined spectrophotometrically.
(B) Preparation from lymphocyte cell lines
After thawing on ice, the cells (about lxl0^/ml) were transferred into Eppendorf tubes 
and washed in cold PBS (Phosphate Buffered Saline) and centrifuged three times.
The residual pellet was resuspended in 0.4ml TE20-5» 20|il SDS(10%) and 40|il
proteinase K, and incubated at 37°C overnight.
The samples were extracted twice with 0.5ml phenol and twice with 0.5ml 
chloroform/isoamyl alcohol, precipitated with two volumes of ethanol and 42jil 5M 
NaCl, washed and resuspended in 90jil of TE20-5-
2.2.9 Restriction endonuclease digestion
Restriction enzymes were purchased from either Boehringer Mannheim, Pharmacia or 
New England Biolabs. Digestions were performed under the optimal conditions specified 
by the manufacturers. All of the enzyme buffers were made up at ten times the final 
concentration as recommended by the manufacturers and stored at 4° to -20°C. Five to 
7jig DNA were digested with 20 (Bell, HincII) to 40 (Bglll, Haelll, HgiAI, Hindm, 
PstI, SacI etc.) units of the appropriate restriction enzyme in a total volume of 25+p.l at
37°C overnight (with the exception of Bell where the digestion was carried out at 50°C 
in a water bath for five hours).
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2.2.10 Agarose gel electrophoresis
Electrophoretic separation of DNA fragment was usually in 0.8% agarose (Type II 
Sigma) gels with TAE buffer (0.04 M Tris-acetate, 0.002M EDTA, pH 8.0). Gels were 
set on a cooling plate between two electrophoresis tanks containing TAE buffer.
Digested DNA samples were mixed thoroughly with 2.5jil of gel-loading buffer 
(0.25% bromophenol blue - 0.25% xylene cyanol - 0.25% Ficoll 400 in H2O) and heated
at 65°C for 10 minutes, chilled on ice, and loaded in the sample wells, which contained a 
small volume of TAE buffer. A 500ng amount of Hindm-digested bacteriophage lambda 
DNA (Hindlll-DNA, Pharmacia) labelled with 32p by nick translation to a total count of 
about 500 cpm was loaded to one lane of each gel as a molecular weight marker.
Paper wicks (Whatman 3MM) were used to connect gel and buffer tanks. 
Electrophoresis was carried out at 300 V for 30 minutes until the DNA had entered the 
gel. The wells were then filled with the buffer and the gel was covered with "Glad Wrap" 
plastic membrane. Electrophoresis was continued at 150V overnight by which time the 
bromophenol blue had usually migrated 10-13cm.
After electrophoresis, the gel was immersed for 15 minutes in the buffer containing 
2mg/l ethidium bromide and photographed by Polaroid camera fitted with a red filter 
under UV light (254nm).
2.2.11 Southern transfer of DNA fragments
Both SSC and alkaline (Reed and Mann, 1985) blots were used for the capillary 
transfer of DNA restriction fragments as follows.
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(A) SSC blot
Following electrophoresis, the DNA was partially hydrolyzed by soaking in 0.25M 
HC1 for seven to eight minutes prior to alkali denaturation (0.4 N NaOH - 0.6 N NaCl 
for 30 minutes at room temperature) and high-salt neutralization (1.5M NaCl - 0.5M Tris- 
HC1, pH 7.5 for 30 minutes) and then transferred (overnight or longer) with 10X SSC 
(1.5M sodium chloride - 0.15M sodium citrate) from the gel to the surface of GeneScreen 
Plus membrane (NEN research Products, DuPont) by the method described by the 
manufacturer, which was a modification of that originally described by Southern (1975). 
To ensure complete denaturation of immobilized DNA after blotting, membranes were 
immersed in an excess of 0.4N NaOH for 30-60 seconds, then washed in an excess of 
0.2M Tris-HCl, pH 7.5 - 2x SSC for 1-2 minutes.
GeneScreen Plus, a nylon-based membrane, is less fragile than the conventional 
nitrocellulose. After blotting, baking of the membrane at high temperature is not 
necessary. Membranes carrying DNA fragments can be re-used many times.
(B) Alkaline blot
Following electrophoresis the gel was soaked in 0.25 M HC1 for 7-8 minutes, rinsed 
in an excess of distilled water then blotted without denaturation and neutralization; 0.4N 
NaOH, instead of lOxSSC, was used as a blotting solution. Membranes were placed in 
2xSSC for 1-2 minutes after blotting.
The second method was more frequently used in the latter part of this study as it is 
more economic and saves time.
2.2.12 Labelling of DNA with 32p
(A) Preparation of [ a-32p] labelled probes by nick translation
Plasmids and bacteriophage DNA were nick translated with [a-32p] dATP or dCTP 
(Amersham, UK). Specific activity of both radioactive nucleotides was 3,000 Ci/mmole, 
with a concentration of 10mCi/ml. The probes were labelled to a specific activity at least
38
lxl08 dpm/jig DNA with one of the radioactive nucleotides. The amount of DNA to be 
nick translated was calculated according to the requirement for each hybridization. One 
tenth of a microgram of plasmid probe was enough for two large membranes (180mm x 
140mm) in one plastic bag.Nick translation was carried out using a kit (Amersham Code 
N.5500).
(1) The following components were mixed in a 1.5ml plastic tube:
a) Distilled water (to make up a final volume of 20jil)
b) Probe 0.1 jig
c) Nucleotide/buffer 2jil
d) [a-32p]dCTP or [a-32P] dATP lp.1
e) Enzyme solution (DNAnasel/Klenow) 2fil
(2) The mixture was incubated at 15°C for one hour. The reaction was stopped by adding 
2.5jil of 0.5M EDTA and 2.5|il of the bromophenol blue dye (same solution as the 
gel loading buffer described in Section 2.2.10).
(3) The a-32p labelled DNA was separated from free radioactive nucleotides by passing 
the mixture through a glass pipette column (150mm in length)
packed with Ultrogel (AcA 54, LKB), washed with TE^q-I-
(4) The column was monitored with a hand-held, end-window Geiger counter and the 
first peak containing labeled DNA is usually eluted when the dye arrived at the middle
of the column, the sample was collected in a 1.5ml plastic tube.
(5) The volume of the labelled probe was measured and 5,ul was counted in a scintillation 
counter. The specific activity of the probe was estimated.
(B) Preparation of [oc-3-P] labelled single stranded (ss) probes from M l3 recombinants. 
A 5|il ssDNA mixed with 3|il H2O and ljil TM buffer was annealed to 5ng of 17mer
primer (BRESA) at 60°C for 30 minutes or boiled for five minutes, then cooled slowly 
for 40 minutes. After being cooled to room temperature, 7.5|il of "-C” mix (0.166mM 
each of dATP, dGTP and dTTP) or ,’-A,, mix (0.166mM each of dCTP, dGTP and 
dTTP), 8.5ul of TES buffer, 0.7fil (3.5 units) DNA Polymerase (Klenow fragment) and 
ljil [a-32p] dCTP or dATP per 200 bases of insert to be labelled were added. This was
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then incubated at 37°C for four minutes per 200 bases of insert. After the incubation 10(il 
200mM EDTA, 20jil salmon sperm DNA and 140|il TE were added to total volume of 
200|il. The labelled probe was boiled for 10 minutes, cooled on ice and added with the 
hybridization solution in the bag with the prehybridized filters.
2.2.13 Hybridization and washing of membranes
The method of hybridization described by Nasmyth (1982) was used routinely with 
slight modification. Membranes were prehybridized for 2 hours and hybridized overnight 
at 65°C. Two large membranes were hybridized in the same bag with the blotted B sides 
facing outwards.
(1) Fifty ml of hybridization solution (for two bags) were prepared as follows:
a) A mixture of 23.0ml distilled water (=0.46 volumes) and 0.46 ml of 10mg/ml 
sonicated salmon sperm DNA (=0.0092 volumes) was made up in a 50ml Coming 
plastic tube and placed in a boiling water bath for 10 minutes.
b) The solution was chilled rapidly on ice, and 27.0ml of Nasmyth's solution (0.54 
volume) were added and mixed well. The Nasmyth's solution contained 1.1M NaCl, 
0.333M Na2HPC>4, 0.0111 M EDTA (pH 6.2), 1.85% w/v sodium lauroyl
sarcosinate, 18.5% w/v dextran sulfate.
(2) The prehybridization solution was added to the bag containing the membranes (20ml 
for two membranes in one bag). All air bubbles were squeezed out. The bag was 
sealed and incubated for 2-3 hours in a rocking water bath at 65°C.
(3) The [a-32p] labelled probe (100ng/bag), which had been boiled for 10 minutes and
cooled on ice for 10 minutes, was mixed with another 10ml of the hybridization 
solution and added to the bag after cutting open one comer and releasing the previous 
solution.
(4) All air bubbles were carefully squeezed out. The bag was resealed and rubbed all over
to distribute the probe evenly.
(5) The bag was reincubated in the rocking water bath at 65°C overnight or longer.
(6) The membranes were removed from the bag and washed sequentially in 2x, lx, 0.5x 
and O.lx SSC plus 0.1% SDS, 30 minutes each at 65°C with adequate agitation. The 
volume of each washing solution was approximately 250ml/membrane. The 
hybridization solution could be reused with additional prehybridized membranes.
(7) After the final washing, the radioactivity on the membranes was checked with a 
Geiger counter. If the count was much higher than 5cps, the membranes could be
washed longer in 0.05X SSC plus 0.1% SDS.
(8) The membranes were dried or blotted and wrapped in Glad Wrap and mounted onto a
used X-ray film prior to autoradiography.
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2.2.14 Removal of repeated sequences from hybridization probes
Probes derived from genomic DNA used in the present study tend to give a strong 
background signal, a smear of hybridization to repeated sequences that obscures the 
bands of interest. This problem was overcome by pre-reassociating the probes (Sealey et 
al., 1985) as follows:
1) The following components were mixed in a 1.5ml microfuge tube
Labelled probe DNA
Driver DNA (sonicated human genomic DNA, O.lmg)
1/4 volume of 20x SSC
TE to a total volume of 1ml or more
2) DNA was Denatured by boiling for 10 minutes in a water bath
3) Cooled on ice for 1 minute
4) Incubated at 68°C for 8-10 minutes
5) Added to prewarmed (65°C) hybridization solution.
Background was greatly reduced after the application of this procedure.
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2.2.15 Rehybridization of the membranes
The membranes could be rehybridized with different probes after the previous probe 
was stripped off. This could be done several times and it was found that background 
tended to be reduced. Three protocols were used: (1) the membranes were incubated .in 
100-200ml of 0.4N NaOH for 30 minutes and then the same volume of O.lx SSC, 0.1 
SDS, 0.2M Tris-HCl, pH 7.5 for another 30 minutes, each at 42°C with gentle agitation; 
(2) in a boiling solution with 0.5% SDS and O.lx SSC for 15 minutes; (3) more simply, 
with boiling distilled water only. The membranes were stored in plastic bags and 
hybridized with a new probe in 10ml hybridization solution (2.2.13) without being 
prehybridized.
2.2.16 Autoradiography and estimation of DNA-fragment sizes
The mounted membranes were placed with a sheet of Fuji RX X-ray film in a cassette 
fitted with one intensifying screeen (DuPont Lightning Plus). The cassette was kept at - 
70°C for 1-7 days and the film was subsequently developed in a Kodak X-OMAT M20 
film processor.
The mobilities of the standard size-markers ( BRL Molecular Weight DNA markers: X  
DNA cut with Hindlll or Hindffl + Hindlll/EcorRI), were measured. A standard curve 
was produced using the mobilities (cm) of the markers plotted against the log of their 
length (bp). The log values of the unknown fragments were read from the standard curve 
and converted to the lengths of base pairs by taking the anti-log. It was not accurate to 
estimate the DNA fragment larger than lOkb by this method due to the non-linearity of the 
curve in the large fragment size range.
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2.2.17 Iso-electrofocusing and protein electrophoresis
The techniques used for the protein analysis are described in the chapters referring to 
the studies where they were used.
2.3 Statistical Methods
2.3.1 Gene frequencies
Since all of the loci studied are autosomal, the gene frequencies were calculated 
directly by gene counting from phenotype frequencies. The chi-square test was employed 
to determine any departure from the expectation of Hardy-Weinberg equilibrium for a 
random mating population (Cavalli-Sforza and Bodmer, 1971).
2.3.2 Haplotype frequencies
Haplotypes were determined directly from the RFLPs. Only those individuals 
homozygous at all loci or heterozygous at only one locus were typed (except when 
otherwise explained in the text). Those with multiple heterozygosity whose haplotypes 
could not be ascertained without extensive family studies were excluded from the analysis 
(Cf. Antonarakis et .al., 1982; Donald and Ball, 1984).
2.3.3. Linkage disequilibrium
Linkage disequilibrium was analysed using log linear modelling techniques with the 
program of GLIM 3.77 update 0 (copyright) 1985 Royal Statistical Society, London. 
This model is a more sensitive measure for testing the association between pairs of genes 
at two loci as it adopted a multiplicative formulation (Wier and Wilson, 1986).
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2.3.4. Phylogenetic analysis
Patterns of relatedness among populations were assessed in three ways using the 
computer programs adapted by Dr. Simon Esteal for the Human Genetic Group, Division 
of Clinical Sciences, John Curtin School of Medical Research, and made available by him 
for the present studies.
1. The unweighted pair-group method with arithmetic averaging (UPGMA, Sneath 
and Sokal, 1973) was used to construct a phenogram based on the matrices of Nei's 
(1978) unbiased average or minimum genetic distances.
2. Phylogenetic trees were constructed using the Wagner's distance parsimony method 
(Farris, 1972) based on Cavalli-Sforza and Edwards'(1967) chord distance.
3. Phylogenetic trees were also constructed by partial maximum likelihood estimation 
(Felsenstein, 1973a, 1973b).
The first two analyses were performed using the Biosys computer package (release 1, 
1981; D.L. Swoffard and R.B.Selander, University of Illinois, Urbana). For the 
maximum likelihood analysis the CONTML program from the PHYLIP computer 
package (version 3.0; J.Felsenstein, University of Washington, Seattle) was used.
These three methods represent the three approaches employed in phylogenetic analysis 
of populations: phenetic clustering, maximum parsimony and maximum likelihood. Rohlf 
and Wooten (1988) found that for equal rates of evolution the UPGMA method gave the 
best results, however with unequal evolutionary rates Kim and Burguan (1988) showed 
that the maximum likelihood method performed best. In the present context there are no 
absolute methods for assessing whether one procudure gives a better estimate than 
another of genetic relatedness between populations. A comparison has been made, 
therefore, of the clustering of populations resulting from each of the techniques. Where all 
three methods give identical or convergent patterns it increases the confidence placed in 
the results.
C H A P T E R  T H R E E
THE BETA-GLOBIN GENE CLUSTER
3.1 Introduction
3.2 The RFLPs at the 5' end of the cluster
3.3 The incidence of the five sites in different populations
3.4 Linkage disequilibrium between each site in the
studied populations
3.5 Haplotype frequency distribution
3.6 Phylogenetic analysis based on the data from the
ß-globin gene cluster studies
3.1 Introduction.
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The linkage arrangement for the human (3-like globin genes have been well-established 
since the late 1970s (Flavell et al., 1978; Little et al., 1978; Weatherall and Clegg, 1979). 
This region of the human genome, with chromosome location 1 lpl5, contains the 
structural genes coding for the ß-related globin polypeptides. All the expressed ß-like 
globin genes have the same transcriptional orientation and are arranged in the order of: 5'- 
E - Gy_ Ay_ ( \j/t| ) - 8 - ß -3' (Maniatis et al. 1980).
The e- globin gene is expressed in embryos up to the eighth week when it is gradually 
replaced by Gy- and Ay- expression. The Gy- and Ay- globin genes code for the Gy- 
and Ay-polypeptide chains of 0C2^y2 and 0C2^y2 respectively. These are the major 
species of foetal haemoglobin produced by the foetal liver. The activity of the two y- 
globin genes diminishes toward the end of gestation, with a concomitant activation of the 
ß- and 5- globin genes to produce the major (a2ß2) and minor (00282) adult 
haemoglobins synthesized in the bone marrow (Jeffreys, 1979). The \|/T|-globin gene, 
previously called \j/ß- globin gene, is a pseudogene with a ß-like sequence (Goodman et 
al., 1984).
The ß like globin gene cluster appears to have evolved via a series of gene duplications 
and conversions. The Gy. and Ay. globin polypeptides are very similar and differ only by 
the replacement of glycine by alanine at amino acid position 136 (Jeffreys, 1979). DNA 
sequence analysis of some variants of the large introns (IVS-2) of the linked Gy- and Ay. 
globin genes showed that the Ay-globin gene can be more similar to that of the linked 
Gy-globin gene on the same chromosome than to the Ay gene on the trans chromosome, 
and a gene conversion event can result in the appearance of a closer evolutionary 
relationship between two genes (Powers et al 1984; Forget, 1986). More recent analysis 
of the sequence information of introns and flanking DNA and comparisons of ß-like 
genes in other animal species concluded that the gene duplication of the 8/ß globin genes 
is probably quite ancient, but that a more recent gene conversion event between the 8- and 
ß-globin gene (40 MY ago) has rendered the coding and 5'-flanking sequences of the 8- 
globin gene more homologous to those of the ß-globin gene (Koop et al., 1989). The
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phylogenetic tree and structure of the ß-globin cluster is plotted in Figure 3.1 based on 
the information from Koop et al., (1989), Slightom et al., (1988), Fitch et al., (1988) 
and Easteal (1988).
Jeffreys (1979) described the first DNA sequence variation of a ß-like globin gene 
from normal individuals, a variant pattem resulting from a HindUI cleavage site 
(A/AGCTT) in Intron II of the Ay- globin gene. A HindUI polymorphic site also occurs 
in Intron II of the Gy-globin gene: A larger restriction fragment (8 kb) contains the Gy- 
globin gene and a smaller fragment (3.5 kb) contains the ^y-globin gene ( cf. also Tuan et 
al., 1979; Jones et al., 1981). An analysis of the novel arrangements of the two foetal 
globin genes (Powers et al,. 1984) showed that the ^y restriction site was created by gene 
conversion from the Gy-globin gene. Further study (Antonarakis et al, 1982) revealed 
additional polymorphic restriction sites in the ß-globin gene cluster. Among others there 
are three HincU sites, one in the region of the £- globin gene and two in the region of 
\jnVglobin gene ( yrja and \yrjb ).
The five polymorphic sites: 1) HincU-e, 2) HindUI-^y, 3) HindlU-^y, 4) HincU-\j/na 
and 5) HincII-\(/Tib> spanning some 32 kb of DNA (Fig. 3.1) were found to show strong 
linkage disequilibrium in an early study on the Eurasian and African populations 
(Antonarikis et ai. 1982). This study found that only 3 of the 32 possible haplotypes 
account for 92% of 89 normal chromosomes in the populations of Italians, Greeks,
Indians and Turks, and the observed frequencies of the 3 haplotypes (h---- , -+-++ and
++-+) are 0.64, 0.15 and 0.13, in contrast to the expected frequencies of 0.20, 0.006 and 
0.005 respectively. A fourth haplotype (— +) in American Blacks, which is rare in non- 
Black populations, has a frequency of 0.37 in contrast to the expected frequency of 0.05. 
Thus the rive sites have become a powerful tool in the study of human population 
genetics, and relatively large samples can be screened since the analysis involves only 
two restriction enzymes and three probes to detect variation at the rive sites involved.
Wainscoat et al .(1986) used this cluster of genes to study the evolutionary 
relationship among eight human populations on a global scale. They analyzed the 
haplotypes in a sample of 601 chromosomes from African, Asian, European and two
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Pacific Island populations and they claim that their data are consistent with the notion that 
modem man arose in Africa and subsequently spread to Eurasia and the Americas. The 
same haplotypes were investigated in populations from South China (Chan et al 1986), 
southern Africa (Ramsy and Jenkins 1987), and more recently, Long et al (1989) 
reported new data on 222 chromosomes from Africa, China, Greece, India, Italy and 
Thailand and analyzed the evolutionary relationships of populations from major 
geographic regions.
Most of these investigations have focused on the major ethnic groups, and only a few 
of the populations screened are from the Pacific regions (Wainscoat et al., 1986). The 
present chapter considers the same haplotypes (Figure 3.1) in the 12 populations listed in 
Chapter 2, including populations from the East and South-East Asia, Melanesia,
Australia, Polynesia and Micronesia. A total number of 586 samples (1,172 
chromosomes) from the above populations have been screened and the haplotypes 
analyzed (Table 3.1). Based on this data phylogenetic trees have been constructed which 
provide additional information on the relatedness of the Oceanic populations. The data 
are also combined with previously published data for a global analysis of population 
affinities.
3.2 The RFLPs at the five loci of the cluster
By the application of restriction endonucleases HincII and Hindm, and the ß-like 
globin gene probes, e, and yrj, polymorphisms at the five sites are detected as 
previously described by Antonarakis et al. (1982) and Jeffreys (1979). The five RFLPs at 
the cluster are displayed in Figures 3.2, 3.3 and 3.4. The presence or absence of sites is 
indicated by + or -.
Site 1: The Hindi restricted fragments hybridized to the £-globin gene probe (cf. Table
2.2 ) revealed polymorphic fragments of 8.0kb (-) or 3.7kb (+) in homozygotes, or both 
8.0 and 3.7kb in heterozygotes (Figure 3.2).
4 9
Figure 3.2 HincII fragments hybridized with e-probes reveals the polymorphisms of 
8kb(-) or 3.7kb(+) or the heterozogotes (+/-)
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Sites 2 and 3: Hindm restricted fragments hybridized with the human y-globin gene 
probe (cf. Table 2.2) revealed two polymorphisms (Figure 3.3): An 8.0kb (-) or a 7.2kb 
(+) band in homozygotes, with both bands in heterozygotes (+/-) for the Gy- globin gene 
(site 2), and a 3.5kb (-) or a 2.7kb (+) band in homozygotes, with both bands in 
heterozygotes (+/-) for the Ay-globin gene (site 3).
Sites 4 and 5: HincII restricted fragments hybridyzed with the human \|/T] probe 
revealed two polymorphisms at sites 4 (\|/rjl) and site 5 (\j/q2). Since the \\rr\ is a 
genomic probe which tends to produce a strong smear due to the presence of repeated 
sequences, the pre-reassociation procedure was used (cf. 2.2.14) and background was 
greatly improved(Figure 3.4 ). The common fragments at these two sites are: 7.6kb (--/-- 
), 6.0kb (-+/-+) or 3kb (++/++) in homozygotes; or 7.6kb/6.0kb (--/-+), 7.6kb/3.0kb (-- 
/++), or 6.0kb/3.0kb (-+/++) in heterozygotes. Another polymorphic band of 4.6kb 
described by Antonarikis et al.(1982) was not observed.
3.3 The incidence of the five polymorphic sites in different populations.
The frequencies of the five polymorphic sites in the populations tested are given in 
Table 3.2. The previously published data for world populations are summarized in Table 
3.3. Some of the main features of the distribution are discussed as follows.
The first site (HincII-e) is the most common one with frequencies ranging from 0.89 - 
0.99 in Polynesians and Micronesians, being somewhat lower in the Tolais of New 
Britain and the Australian Aborigines (0.59 -0.61). In other world populations tested 
(Chan et al., 1986; Wainscoat et al., 1986; Antonarakis et al., 1982; Long et al., 1988), 
the southern Chinese and the Thais show the highest frequency (0.79-0.87), and the 
Africans and American Blacks the lowest (0.00-0.23). Europeans are in the middle of the 
frequency range (0.43-0.73).
The second site (HindlE-Gy) is found the lowest in Niuean and Nauruan (0.01) and 
highest in the Aborigines (0.49). The other investigations showed the ranges from 0.10
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Figure 3.3 Hindm fragments hybridized with y-probes reveals the polymorphisms of 
8.0kb(-) or 7.2kb(+) at ^ y  locus (above) and 3.5kb(-) or 2.7kb(+) at the ^y  locus
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Table 3.1 Number of chromosomes analyzed in the haplotype studies of the ß-globin 
gene cluster
Total homo- heterozygotes No. Chr.
Population chr.No zygotes---------------------------------------- analysed
lx 2x 3x 4x 5x
Melanesia 
Madang 
E. Highland 
Karimui 
Tolai 
Polynesia 
Niue
Raratonga 
Micronesia 
Kiribati 
Nauru 
S. E. Asia 
Indonesia
Australian Aborigine 
Kalumburu 
Mowanjum 
E. Asia 
China 
Total
106 50 22 16
106 36 22 8
106 54 10 10
100 40 10 12
100 96 2 2
104 82 4 2
106 92 0 0
100 88 2 4
100 56 4 4
72 26 18 6
68 26 20 0
104 40 8 14
1,172 686 122 78
( 100% )
8 10 0 72
30 8 2 58
8 24 0 64
8 26 4 50
0 0 0 100
0 16 0 104
8 0 6 106
6 0 0 100
10 26 0 60
6 16 0 44
10 12 0 46
10 30 2 48
104 168 14 85
(72.7%)
Table. 3.2 Allele frequencies for the five polymorphic restriction sites in the
ß-globin gene complex in the populations tested
Population No.of ____________site__________
persons 1 2 3 4 5
scored
Melanesia
Lowland
Tolai 50 0.54 0.39 0.06 0.45 0.47
Madang 53 0,67 0.25 0.03 0.25 0.25
Highland
E. H-land 53 0.79 0.33 0.08 0.26 0.38
Karimui 54 0.75 0.21 0.05 0.19 0.27
Polynesia
Niue 50 0.99 0.01 0.00 0.01 0.02
Rarotonga 52 0.89 0.10 0.03 0.05 0.08
Micronesia
Kiribati 53 0.93 0.07 0.07 0.03 0.03
Nauru 50 0.97 0.01 0.01 0.05 0.06
Australian Aborigine
Kalumburu 36 0.61 0.49 0.00 0.28 0.47
Mowanjum 34 0.59 0.49 0.00 0.25 0.46
S. E. Asia
* Indonesia 50 0.78 0.23 0.03 0.16 0.23
E. Asia
China(North) 52 0.61 0.31 0.13 0.21 0.34
Fr
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Figure 3.5
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Figure 3.5 Allele frequency distribution for the five restriction sites 
at beta-globin cluster among population groups
Site
Micronesian
Polynesian
Indonesian
Melanesian
Aboriginal
Chinese
Table. 3.3 Frequency cf the five polymorphic sites in the ß-globin gene complex
in the other populations tested
56
Population No.of __________ she
persons
tested
1 2 3 4 5 Source
Europe
Britain 37 0.43 0.58 0.16 0.41 0.54 Wainscoat et al. 1986
Germany 16 0.44 0.50 0.19 0.31 0.44 Oeheme et al. 1985
Italy 84 0.69 0.31 0.07 0.24 0.30 Long et al. 1989
Italy 71 0.73 — — 0.20 0.27 Antonarakis et al. 1982
Greece 46 0.53 — — 0.12 0.42 t»
Greece 39 0.46 0.54 0.31 0.18 0.49 Long et al.. 1989
Cyprus 82 0.72 0.28 0.11 0.17 0.27 Wainscoat et al. 1986
India 139 0.61 0.42 0.15 0.26 0.40 Long et al .1989
India 22 0.83 — — 0.17 0.25 Antonarakis et al. 1982
Asia
China(South) 80 0.79 0.19 0.13 0.09 0.21 Chan et al .1986
Chinese(in USA) 30 0.87 0.10 0.03 0.10 0.13 Long et al .1989
Thailand 79 0.80 0.19 0.05 0.13 0.20 Long et al .1989
Melanesia
Coastal 107 0.76 0.22 0.05 0.30 0.30 Wainscoat et al. 1986
S.E.H-land 66 0.71 0.26 0.05 0.20 0.33 Wainscoat et al. 1986
Polynesia
Mixed 55 0.78 0.20 0.02 0.13 0.20 Wainscoat et al. 1986
Africa
Sub-saharan 26 0.00 0.38 0.04 0.08 0.96 Wainscoat et al.
Nigerian 35 0.09 0.31 0.00 0.11 0.89 " 1986
Benin 30 0.23 0.30 0.13 0.00 0.97 Long et al. 1989
Senegal 14 0.07 0.64 0.00 0.50 0.93 t t
Bantu 47 0.15 0.40 0.15 0.11 0.83 Ramsay & Jenkins 1986
IKung San 42 0.02 0.69 0.10 0.21 0.98 1!
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in the Chinese living in USA (Long et al., 1989) to 0.69 in the Africans from !Kung San 
(Ramsay and Jenkins 1986).
The third site (H indU l-A y) is the least polymorphic: it is totally absent in the 
populations of Niue and the two Australian Aboriginal groups, rather low in most of the 
other Oceanic populations (0.03-0.07), but is comparatively high in the Chinese (0.13). 
For other world population groups, the Germans and Greeks have the highest frequencies 
(0.19-0.31), while the Africans vary from 0.00 (Senegal) to 0.15 (Bantu).
The fourth site ( HincII-\}/ria) ranges from 0.01 in the Niueans to 0.45 in the Tolais, it 
is reported (see Table 3.3)to have a high frequency in the British (0.41) and very variable 
among the Africans (0.00-0.50).
The fifth site (Hincll-\|/rjb) gives the widest spread of frequencies. The Polynesian 
and Micronesian groups have low frequencies (0.02-0.08), and Australian Aborigines 
have the highest (0.46-0.50). For other world populations, the Africans have the highest 
frequencies (0.89-0.98) at this site and the Eurasians are intermediate (0.27-0.54).
The general distribution trend of the five polymorphic sites in the present study are 
plotted in Figure 3.5. The Polynesian and Micronesian series gave very low frequencies 
at sites 2,3,4, and 5; the Aboriginals are characterized by having the highest incidence at 
site 2 and site 5 but site 3 is totally absent; while the Chinese series has the highest 
frequency for site 3; the Indonesians are very similar in frequencies at all the five sites to 
the Papua New Guineans, especially with the series from Karimui.
3.4 Linkage disequilibrium between each site in the populations studied
Tests for linkage disequilibrium between each pair-wise combination of the five ß- 
globin sites were performed by the log linear modeling technique (Weir and Wilson, 
1986), and the scaled deviance values are listed in Table 3.4. Strong disequilibrium was 
detected between sites 1 and 2 (16kb apart), 1 and 4 (28.3kb apart), 1 and 5 (31.3kb 
apart), 2 and 4 (12.3kb apart), 2 and 5 (15.3kb apart), and 4 and 5 (3kb apart) in all
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populations except between some of the pairs of sites in the Niuean and Nauruan 
populations, which both have low frequencies of all the sites. No significant linkage 
disequilibrium was found between site 3 and the other sites except in the Chinese,
Kiribari and Rarotonga populations. This may be attributed to the low frequency of this 
site in most of the populations -- since the measure of linkage disequilibrium employed, 
like most others (Hedrick, 1987, Lewontin, 1988) is allele frequency dependent. The 
three groups which did show disequilibrium between site 3 and others had frequencies at 
this site of 0.03-0.13.
For each pair of sites the direction of linkage disequilibrium is the same in all 
populations, indicating that the linkage disequilibrium was generated before the 
divergence of the populations. Patterns of linkage disequilibrium therefore cannot be used 
to infer population affinities.
3.5 Haplotype frequency distribution
The haplotypes were determined directly from the DNA analysis, and those 
individuals with multiple heterozygosities which could not be ascertained without 
extensive family studies were excluded from the analysis (cf. Antonarakis et al., 1982; 
Donald and Ball, 1984). A few exceptions are in the Micronesian and Polynesian groups.
In these populations 97-100% of those haplotvped in this way are of only one type: h---- .
The few remaining individuals are assumed to be heterozygotes of +—  and some other 
type.
The Tolais and the Chinese are the most heterozygous populations at the ß-globin 
gene cluster with 50-54% of the chromosomes being heterozygous at multiple sites. The 
samples from Niue, Rarotonga, Kiribati and Nauru show the least heterozygosity with 
83-100% of individuals being homozygous or heterozygous at only a single site, the 
heterozygous distributions are tabulated in Table 3.1.
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The 852 chromosomes, out of the total of 1,172 chromosomes analyzed (Table 3.1), 
revealed 14 of 32 (2^) possible haplotypes (Table 3.5), for the comparison with the 
world distribrution, 16 haplotypes are listed as in Table 3.5. The most common 
haplotype is +—  with frequencies ranging from 0.50 in Australian Aborigines to 0.98 in 
Niue. Wainscoat et al. (1986) also reported a high frequency of this haplotype (0.91) in 
Thais, with a moderate frequency in the British (0.43) and low frequencies in Africans 
(0.00-0.09). The second most common haplotype, -+-++, is found in all the Oceanic 
populations (with frequencies ranging from 0.02 to 0.20 ), except the Micronesians, as 
well as in the other non-African populations (Table 3.6).
The rare haplotypes were also detected in this survey: Melanesians are characterized by 
a moderate frequency (0.05-0.08) of the haplotype, h—++. This haplotype was also 
found with a frequency of 0.03 in Indonesians and 0.02 in Nauruans. Wainscoat et 
al.(1986) reported similar frequencies (0.05-0.08) for Melanesians in the north coastal 
and east Southern Highlands of Papua New Guinea. Another haplotype, -++++, was 
found with a frequency of 0.04 in the Tolais and 0.03 in Kiribati, these two locally 
occurring haplotypes are presumed to be formed by recombination events between -+-++ 
and -++-+; The Australian Aborigines also have a distinctive haplotype, ++—, with a 
frequency of 0.08, although this haplotype is also found at low frequencies of 0.02 in the 
Eastern Highlanders in PNG and 0.007 in Indians (Wainscoat et al., 1986). During the 
present investigation, two haplotypes, +—+ and -h—+, that were reported recently in 
Africans (0.021 - 0.005) from Benin and among Bantu (Ramsay and Jenkins, 1987; 
Long et al. 1989), were noted with low frequencies (0.004 - 0.011) in Australian 
Aborigines, PNG Highlanders, Polynesians and Micronesians. A further two 
haplotypes, ++-++ and +++-+ reported in previous studies (Wainscoat et al., 1986) in 
Asian Indians and Europeans were not detected during the present survey.
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3.6 Phylogenetic analysis based on the data from the beta-globin gene 
cluster
Phylogenetic analysis using the haplotype frequency data was carried out using the 
three approaches described in Chapter 2.3. The data from the present study are analyzed 
for the 12 populations, and the data from the published world distribution are pooled and 
divided into the major geographic/ethnic regions.
A): Trees based on the data from the 12 Oceanic populations.
The phenogram (Figure 3.6) based on Nei's unbiased minimum genetic distance 
matrix (Table 3.8) indicates a primary split between the Australian Aborigines and the 
Tolais (on the Island of New Britain, PNG) and all other populations. The next split on 
the major branch is between Madang and East Highlanders and the remaining 
populations. These are split into three clusters: Niuean with Kiribati; Chinese with 
Rarotongan and then Nauruan with Indonesian and Karimui.
The Wagner parsimony tree with mid-point rooting (Figure 3.7) based on Cavalli- 
Sforza and Edwards' chord distance (Table 3.8) indicates the first major split between the 
two Lowland PNGs (Madang and Tolai) and the remaining populations; the second major 
split comprises two clusters: one separates, in turn, Indonesian, Karimui, Nauruan, 
Niuean and Kiribati; the other splits into two branches: Chinese with Rarotongan and, 
the PNG Highlanders with the two Australian Aborigine populations.
The maximum likelihood method was applied to the data ten times with the 
populations entered into the analysis in random order. Three unrooted phylogenetic trees 
resulted (Figure 3.8). The tree shown in Figure 3.8 A was the most common, occurring 5 
times, followed by 3.8 B ( 3 times) and 3.8 C ( 2 times). The common features of the 
three trees are: clustering of two PNG lowland populations (Tolais and Madang); the two 
Australian Aborigine populations with PNG Highlanders; the Polynesian (Niue) with the 
Micronesian (Kiribati). In other respects, however, the trees differ: Tree A places the 
two PNG lowland populations in the same cluster as the PNG Highland and Aboriginal
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( A)
K a lu m b u r u  T o l a i s
M o w a n j u m
E H-!anders
In d o n e s ia n
K i r i b a t i s
N iu e a n
Madang
K a r i m u i s
N a u ru a n
C h in e s e
R a ro to n g a n
Figure 3.8 Phylogenet ic  trees of the Oceanic  populat ions  
based on Maxmum-I ikeiihood criteria 
for the beta-globin gene haplotypes
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To lais
Chinese
Kir iba t is
Niuean
Karimuis
Mowanjum
Madang
Rarotongan
Indonesian
Nauruan
E H-Ianders
Kalumburu
(C) Madang
Rarotongan
Karimuis
Niuean
T o I a i s
Chinese
E H-landers
ir iba t is  Nauruan Indonesian
Kalumburu
Mowanjum
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populations, while Trees B and C put these two sets of populations at opposite ends of 
the tree; Tree B cluster Indonesian with Nauruan, Trees A and C split them into separate 
nearby branches.
B): Trees based on the data from the 10 world geographic/ethnic regional groups.
The world distribution of the ß-globin gene haplotypes from 16 additional 
populations (with the data for 1,004 chromosomes), summarized in Table 3.6, have been 
added to the present study, making up a total of 28 populations with 1,856 
chromosomes. They are divided here into the broad regional groups of European,
Indian, African, East Asian, South East Asian (Indonesian), Australian Aborigines, 
PNG-Highlanders, PNG-Lowlanders, Polynesians and Micronesians.
Table 3.10 shows Nei's unbiased minumum genetic distance matrix and Figure 3.9 
gives the UPGMA phenogram derived from the distance matrix. The tree indicates a 
major split between the Africans and all of the other populations. These resolve into two 
major clusters, one with two sub-clusters of Polynesian, Indonesian, Micronesian, East 
Asian and PNG Highlanders, the other with the Australian Aborigines, PNG 
Lowlanders, Europeans and Indians.
Figure 3.10 gives Wagner's parsimony tree based on Cavalli-Sforza and Edwards' 
chord distance (Table 3.10). This also indicates a primary split between the African and 
other populations followed by successive splits for the Aborigines, PNG Highlanders, 
PNG Lowlanders, and finally between two clusters with the other populations: 
Indonesians and Micronesians in one cluster and Polynesians, East Asians, Europeans 
and Indians in the other cluster..
The maximum likelihood method gives two different phylogenetic trees (Figure 3.11). 
Tree A (which resulted 9 of 10 times) has the same topolgy as Wagner's parsimony tree 
(Figure 3.10) and places the African and Aborigines separately, followed in turn by the 
PNG Highlanders, PNG Lowlanders, with the Micronesians and Indonesians forming 
one cluster, and the Polynesians, Asians, and finally, Europeans and Indians forming 
another cluster.Tree B makes the primary split between Africans and the Europeans,
B
el
ow
 d
ia
go
na
l: 
C
av
al
li-
Sf
or
za
 &
 E
dw
ar
ds
 (
19
67
) 
ch
or
d 
A
bo
ve
 d
ia
go
na
l: 
N
ei
 (1
97
8)
 u
nb
ia
se
d 
m
in
im
um
 d
is
ta
nc
e
CA
c
.§
0I
£
- a
G
.2Gß
<U
<D
-C
1
«2
■o
c<uGß
.2
-Oo
<D
O
§
t o■•a
*o r-" t"- v© vo 
co r- cn cn
CN O VO O' O  
i—< co vo oc co
o  o- 
i—< oo 
CO CO O'
CO
O'
o  o
CN CO vo 
CN
CO O' O 
CO VO O
O' t"- CN 
vo i-«
VO CN
VO
o
O'r-
v O  *  
CN *
i—• *
cn
O'
CO O' 
O' OO
VO CN 
co r-'
i—• O n 
T—I t
O ' O '
*  1-1
* VC
* CN
on r- 
r~~ oo 
CO CO
O  VC 
o  CO 
CO CN
r"
voCN
vo * 
r- * o-
CN * ’—'
VO
ON CO 
vo VC
O '  CN
o  r~ —•
t CO O'
ON VO 1 - 1  
VO CN O' 
NO CN CN
O' I— 1 CO 
CN O C\ 
VO O' CO
O' OO O' 
cN o- 
O' o -
1-H O * 
O' ’—I **
CO NO
O' vo
CN CO
CO CNr- r- co cn oOO CN CN 
VO CN CO
CO * CN
1—i  *  i—I
* CN
r~" o-
1-H O 
CO CO
CO VO 
CO i-H 
CN CN
VO VC 1 - 1  
O' O CN 
NO CO CO
* CO O
*  O  CN
* CO CN
O  CN 
v o  CO 
CO O '
VO O' 
CO CO
ON OO CNO  vo vo r- co co
j o
1 3
C3
H
c0
1
o
c u
0 3C
OF1*1 H 
£ o
o
Z
O h
03
2  . 
.2? «2 as
oz
C u
C/2
<Uc>1
£
.2
C/2
D
G
2.2
*s>•co
J O<
723
<
.2
72<
w
.2*2<uco
T3
C
CN CO O' vo VO
a
'£<
001 _
1 =1
w  £
o
Cn 1 - 1
PN
G
 L
-L
A
N
D
E
R
S
<Nr-
o
o
io
o
o
LU _  <
CO
cc
LUQ
Z
X
O
Z
Q.
Z<
CO<
z<
CO
LU
Z>—1oQ_
Z<
CO<
z<
CO
LU
zocc
o
2
z<g
cc
LL
<
o
T—
o
in
o
o
CM
O
in
CM
o
o
CO
d
m
co
•
o
o
<3-
0)oc
03«—CO
■5
E
2
£
E
E
* oo
CO
2
15
c
2
_co
o
z
o
o>
CO
a)
1—
2o
LL
O
fo
r 
th
e 
re
gi
on
al
 p
op
ul
at
io
ns
 
ba
se
d 
on
 t
he
 b
et
a-
gl
ob
in
 
ha
pl
ot
yp
es
PN
G 
L-
LA
ND
ER
S
<r*j
r -
Z  Z
o zer3
LU
O
CO
d
Z
z <
<  CO
CO <  
LU
Z  LU 
>—I
oQ.
COcc
■h*
CO3
<
Z
<o
cc
UL
<
oo
d
Fi
gu
re
 
3.
10
 
W
ag
ne
r's
 
pa
rs
im
on
y 
gr
am
 
ba
se
d 
on
 
C
av
al
ii-
Sf
or
za
 
an
d 
Ed
w
ar
ds
'
ch
or
d 
di
st
an
ce
 f
or
 t
he
 r
eg
io
na
l 
be
ta
-g
lo
bi
n 
ge
ne
 h
ap
lo
ty
pe
s
( f l )
74
African
PNG H-landers 
Micronesian
S. E. Asian
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Figure 3.11 Phylogenetic trees based on Mammum Likelihood criteria 
for the regional beta-globin gene haplotypes
followed by the Indian, Asian and Polynesian groups. Indonesians and Micronesians 
again cluster together, and finally, the PNG Lowlanders, PNG Highlanders and the 
Aborigines fall into a cluster.
The overall conclusions from these analyses will be discussed in more detail in
Chapter seven.
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CHAPTER FOUR 
ALB-GC-DBP GENE COMPLEX
4.1 Introduction
4.2 RFLPs of the albumin (ALB) gene
4.3 Isoelectric focussing (IEF) patterns of GC
4.4 RFLPs of the vitamin D-binding protein (DBP) gene
4.5 Linkage disequilibrium analysis
4.6 Haplotypes derived from the ALB-GC-DBP complex
4.7 Phylogenetic distance estimation based on the ALB-GC-DBP
complex
nn
4.1 Introduction 
ALB
Human serum albumin (ALB) is the major serum protein in adult plasma, and its foetal 
counterpart is a-fetoprotein (AFP). This protein is produced in the liver and is largely 
responsible for maintaining normal osmolarity in the blood stream and functions as a 
carrier for numerous small molecules. The albumin molecule is a moderately elongated, 
flexible yet stable structure, it has high solubility and low viscosity, properties which are 
well suited for the role as a chief supporting protein of the circulation (Peters, 1985).
Polymorphism of serum albumin is rare compared to some other plasma proteins such 
as a x-antitrypsin, group specific component and haptoglobin. The frequency of
alloalbumin (Blumberg et al. 1968) is between 0.0003 and 0.001 in different surveys in 
European populations, and in only a few populations do variants achieve polymorphic 
frequencies. Some of the well-known variants are albumin Naskapi (Blumberg et al., 
1968) and albumin Mexico(Melartin, 1967) found in Amerindians; and albumin New 
Guinea (Weitkamp et al., 1969) detected in Papua New Guinea. The ALB gene has been 
assigned to chromosome 4q 11-13 (Gusella and Wasmuth, 1987).
GC
The group-specific component (GC) in human serum, first detected immunologically 
by Hirschfeld (1959), and the vitamin D-bind protein (DBP), which was reported by 
Thomas et al.{ 1959) in a preliminary observation on the transportation mode of vitamin D 
sterols in human serum, have been shown by subsequent studies (Bouillon et al., 1976; 
Cleve and Patutschnick, 1978) to be identical. This protein is now more frequently called 
DBP. Both names are used in this study: GC is employed for the protein polymorphisms, 
whilst DBP is used for the RFLPs.
GC, an a2-globulin, is a single polypeptide chain glycoprotein, with the molecular 
weight of 51,000. It is produced in the liver and contains one vitamin D sterol-binding
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site per molecule and functions to store and transport vitamin D metabolites (Cleve et 
al., 1963a; Cleve and Patutschnick, 1978; Svasti et al., 1979).
The serum protein GC was found to be polymorphic by using immunoelectrophoresis 
(Hirschfeld, 1959). There are three common phenotypes (GC1-1, GC 2-2 and GC 1-2) 
controlled by two alleles, QC*1 and GC*2, segregating at an autosomal locus. Other 
phenotypes have also been reported, such as the GC 1A1 ( GC Ab ) in the Pacific and 
Australian Aboriginal populations ( Cleve et al., 1963b; Kirk, 1980). Mikkelsen et 
al.(\911) studied a family with a deletion in chromosome 4 and incompatibility within the 
GC allelic system which demonstrated that GC was on the long arm of chromosome 4. 
ALB and GC are identical for 37% of the amino acids and 50% of nucleotide sequence in 
their leader sequences ( Naylor et al 1985, McCombs et al. 1985).
DBP
The cDNA encoding the 458 amino acids of the human vitamin D-binding protein 
(hDBP) was isolated recently by Cooke et al. (1985) and Yang et al. (1985). The 
sequence analysis in the two studies show some minor differences at four positions ( 152, 
311,416 and 420) suggesting that the former represents the GC*l allele, which is 
consistent with the other reports (Svasti et al., 1979), and the latter is known to be the 
GC2 type. The molecular weight of the GC1 and GC2 proteins are 51,335 and 51,240 
respectively. Comparison of the amino acid sequences also demonstrates strong 
similarities between DBP and serum albumin ALB (24% identity), DBP and AFP (19% 
identity) as well as ALB and AFP (39% identity), although DBP is smaller than ALB and 
AFP which contain 585 and 590 amino acids respectively. These similarities establish that 
DBP is a member of the ALB and AFP gene family (Yang et al., 1985).
Cooke et al.( 1986) also detected a human BamHI RFLP in one of their hamster x 
human hybrids with 23kb and 13kb bands as one type (AA) and 16kb and 14kb bands as 
the other (BB). A further screening of 51 human DNA samples with a probe named 
phDBP66 which contains l,383bases, found the DBP A and B allele frequencies of 0.85 
and 0.15 in 34 American Blacks, 0.72 and 0.28 in 16 American Whites, and one Asian
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sample with the AA genotype. Using in situ hybridization of ^H-labeled DBP cDNA to 
human metaphase chromosomes confirmed the previous GC assignment and allowed 
regional localization to bands 4ql2-13 (Cooke et al. , 1986, Gusella and Wasmuth, 1987, 
McCombs et al., 1986, Yang et a l 1985).
Linkage relationship
Early studies detected the genetic linkage between the ALB and GC loci. The 
segregation patterns of ALB alleles in informative families showed that ALB-B segregates 
with GC-2 (Weitkamp et al., 1966,1968,1969,1970) and ALB Naskapi with GC-1 
(Blumberg, 1966). These observations have shown that the human GC and albumin 
(ALB) genes are tightly linked, and cosegregate with a recombination frequency of 0.015 
(1.5cM).
Recent reports show that ALB and GC as well as AFP constitute one gene family 
(Yang et al. 1985). All the three genes map to ql 1-22 of human chromosome 4 (Harper et 
al. 1983).
Aim of the present study
A number of population studies have been carried out previously on the distribution of 
ALB and GC polymorphisms, and more recently, the RFLPs of the ALB gene (Murray et 
al., 1983,1984, 1987; Lavareda de Souza et al, 1984). But the segregation of the two 
polymorphic genes at the molecular level and their frequencies in different populations 
have not been explored.
The present chapter examines the DNA polymorphisms of the ALB and DBP genes 
and GC protein polymorphisms in different Oceanic populations, analyses the linkage 
disequilibrium between the three forms of variation, and estimates the phylogenetic 
relationships between the populations based on the haplotypes derived from this gene 
complex.
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4.2 RFLPs of the ALB gene
The human ALB gene is about 16,000 base pairs long, nearly 10 times the length of 
the coding segment. Its 15 exons, interrupted by 14 introns, contain 1,830 base pairs 
encoding the 585 amino acids in the mature albumin molecule (Peters 1985).
The availability of cDNA probes for albumin gene coding regions (Lawn et al., 1981; 
Dugaiczyk et al., 1982; Harper and Dugaiczyk, 1985 and Urano et al., 1984) allows 
analysis of the albumin locus at the molecular level. The probe recognizes the albumin 
gene and non-coding regions on either side. The albumin gene exhibits a high degree of 
DNA polymorphism. Murray et al.{ 1983, 1984, 1986) used three separate cDNA probes 
that make up about 2kb of the mRNA transcribed from the albumin genomic DNA: a 5' 
fragment (900bp) termed F47, a small fragment (250bp) termed mid-B44 and a 3' 
fragment (l,000bp) termed B44. Tested with a total of 27 restriction enzymes, these 
probes identified eight polymorphic sites. Haplotype analysis was performed and only 
seven of the 256 (2&) possible haplotypes were detected, from three different populations. 
Souza et al. (1986) used two cDNA albumin probes (pHSA 68 B12 and pHSA 59 B3) 
and detected two Haein variants (HI and H2) in the French population with a frequency 
of 0.05 for the HI polymorphism and 0.21 for H2 polymorphism.
The present study used the HSA cDNA 5’ F-47 fragment probe (Figure 4.1) and three 
restriction enzymes that have been reported to reveal RFLPs, and the samples from the 12 
Oceanic populations listed in Chapter 2 were screened.The three polymorphisms : 
3.6/3.8kb by Haein, 18/14kb by PstI and 20/16kb by SacI(Figure 4.2) were found to be 
tightly linked, with almost identical gene frequencies for each morph. Thus the three 
RFLPs detected at the ALB locus appear to form two types as shown in Table 4.1: ALB1 
with polymorphic bands: 3.6kb (Haeffl), 18kb (PstI) or 20kb (SacI); ALB2 with 
polymorphic bands: 3.8kb(Haeffi), 14kb(PstI) or 16kb(SacI). The same pattem of 
cosegregation was reported in a family study by Ferguson-Smith et a/.(1985), Murray et 
al.( 1984) also showed that the three polymorphisms have the same population 
frequencies: 0.53 for Haein/3.6kb; 0.52 for Pstl/18kb and 0.52 for Sacl/20kb.
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Figure 4.2 HSA F-47 probes hybridized with Haein, SacI and PstI restriction fragments.
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Similar patterns of cosegregation of RFLPs have been found in other genes. Webb 
et al (1989) reported three polymorphisms at the factor XIIIB locus restricted with 
BglII(7.21/6.84kb), EcoRI(7.62/7.25kb) and Xbal(7.65/7.25kb), and absolute 
concordance between the three RFLPs was observed. Of the various explanations of this 
pattern, it was suggested that an insertion or deletion (approx. 0.37-0.40kb) event 
between the restriction sites detected by each of the three enzymes is the most likely. 
However, this explanation is not likely in the case of the ALB gene, where the deletion 
would have to be 4kb large ( as the variants are 18/14kb for PstI and 20/16kb for SacI). 
Also, by using the 3' probe B-44, a 4kb SacI fragment was observed in association with 
the 16kb fragment in the ALB 2 type (Table 4.1), which suggests that a point mutation 
rather than a deletion is responsible for the polymorphism. The assumed three 
polymorphic restrition sites , which span approximately 22kb from the 5’ PstI site to the 
3' SacI site (the HaelH site is in the middle), are indicated in Figure 4.1b. A possible 
reason for this total linkage phenomenon is the proximity of the ALB gene to the 
centromere of the chromosome, which may inhibit recombination.
The complete nucleotide sequence of the human serum albumin gene was published 
recently (Minghetti et al., 1986) and the restriction sites of the three enzymes used in this 
study can now be located exactly. Table 4.2 shows the four PstI sites, two SacI sites and 
12 HaelH sites, the calculated fragment sizes by each enzyme and the length of the bands 
hybridized by the 5'-F47 and 3'-B44 probes (data from the last column of the table is 
from Murray et al., 1983).
The frequencies of ALB-1 and ALB-2 in the Oceanic populations are given in Table 
4.3. The ALB-1 frequencies range from 0.23 and 0.25 in the Australian Aborigines and 
Tolais, both of which are significantly lower than all the others, to 0.64 in the white 
Australian (significantly higher than those of the Karimuis, Kiribatis, southern Chinese, 
Indonesian and Nauruan), with the northern Chinese near the upper end of the range 
(0.59). All other values are within a more restricted range (0.42-0.54). In all cases except
Table 4.1 RFLPs of albumin gene hybridized with probe HSA F47
Restriction
endonuclease
Restriction fragments 
ALB1 ALB2
HaeEH 4.5kb 4.5kb
3.6kb* 3.8kb*
2.2kb 2.2kb
1.7kb 1.7kb
PstI 18kb* 14kb*
3.5kb 3.5kb
24kb+ 24kb+
SacI 20kb* 16kb*
SacI+PstI 9kb 9kb
3.5kb 3.5kb
Pstl+Haeül 3.4kb 3.4kb
2.2kb 2.2kb
SacTrHaein 4.5kb 4.5kb
3.6kb* 3.8kb*
2.2kb 2.2kb
1.7kb 1.7 kb
*polymorphic bands, +rare variant
Table 4.2 ALB restriction sites and bands generated by PstI, SacI and Haem
Site Base No#. Fragment size(bp) Bands detected
5’probe 3'probe
PstI:
1 . 7,336 3,514 24kb+ 4.7kb
2. 10,850 2,263 18kb* 4.0kb
3. 13,113 4,161 14kb* 2.5kb
4. 17,274 4.0kb
SacI:
1 . -1,104 16,332 20kb* 20kb*
2. 15,228 16kb* 16kb*
4kb*
HaelH:
1 . -653 2,205 4.5kb 4.1kb
2. 1,552 44 3.8kb* 1.8kb
3. 1,596 584 3.6kb* 1.5kb
4. 2,180 1,711 2.2kb 1.15kb*
5. 3,891 4,518 1.7kb 0.75kb*
6. 8,409 395 0.25kb 0.44*
7. 8,804 3,604
8. 12,408 756
9. 13,164 1,913
10. 15,077 535
11. 15,612 146
12. 15,758
^polymorphic bands, + rare variant
# Numbering based on the system of Mighetti et al. 1986
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Table 4.3 Frequencies of the ALB genotypes and alleles in the Oceanic populations
Populations No.of Genotype Allele frequency
persons ---------------------------  -------------------
tested ALB ALB ALB %2 ALB*1 ALB *2 S.E.
1-1 2-2 1-2 
obs/exp obs/exp obs/exp
Melanesia
E Highland 45 13
13.12
9
9.52
23
22.36 0.020
0.54 0.46 0.053
Karimui 50 13
8.82
21
16.82
16
24.36 5.889
0.42 0.58 0.049
Tolai 50 3
3.38
27
27.38
20
19.24 0.078
0.26 0.74 0.044
Polynesia
Rarotonga 50 13
13.01
12
12.01
25
24.99 0.000
0.51 0.49 0.050
Niue 49 16
13.25
14
11.29
19
24.46 2.440
0.52 0.48 0.050
Micronesia
Kiribati 53 9
10.26
15
16.62
29
26.12 0.630
0.44 0.56 0.048
Nauru 33 6
7.60
7
8.92
20
16.47 1.507
0.48 0.52 0.061
Aust. Aborigines.
Mowanjum 24 2 15 7 0.23 0.77 0.061
1.27 14.23 8.50 0.726
S.E. Asia
Indonesia 48 12 14 22
11.06 12.98 23.96 0.320
0.48 0.52 0.050
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Cont'd Table 4.3
East Asia
North China 100 34 16
34.81 16.81
South China 33 8 11
6.68 9.98
White Aust. 55 21 6
22.53 7.13
50
48.38 0.112
0.59 0.41 0.035
14
16.34 0.700
0.45 0.55 0.061
28 0.64 0.36 0.046
25.34 0.562
Karimuis there was good agreement between observed values and those expected for 
populations in Hardy-Weinberg equilibrium.
One rare ALB variant restricted by PstI reveals a 24kb band (Table 4.1) which was 
detected in seven heterozygous samples: four from white Australians, two from 
Indonesians and one from Niueans, whilst not found in the other populations.
The DNA samples from a family with a rare albumin protein polymorphism, albumin 
New Guinea, from PNG were restricted with Haelll, PstI and SacI and hybridized with 
the HSA F-47 probe, the result showed no unusual bands.
4.3 Isoelectric focussing (IEF) patterns of GC
The iso-electric focussing (IEF) technique, which separates proteins on a continuous 
and linear pH gradient, allows small differences in isoelectric point between protein 
molecules to be detected (Reghetti and Drysdale, 1976). In the case of the group specific 
component, or vitamin D-binding protein, this has made it possible to demonstrate that in 
different individuals the GC1-1 phenotype consists of two protein bands which result 
from post-translational modification of a single gene product involving different sialic acid 
residues (Svasti and Bowman, 1978; Cleve and Patutschnick, 1979). The GC1 type can 
be divided into two subtypes, termed GC1 fast and GC1 slow. These subtypes are
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Figure 4.3 GC sub-types detected by isoelectric focussing technique and visualized by 
the sulfosalicylic acid precipitation method
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alleles. Constans and Viau (1977) designated the alleles controlling the fast and slow 
bands of GC1 as GC*1F and GC*1S respectively, with GC*2 controlling the GC 2 
band. This allows 6 common phenotypes, IF, IS, 1F1S, 2-1F, 2-IS, 2 (Figure 4.3) to 
be identified.
A large body of data has been accumulated on the distribution of GC subtypes. A 
recent review by Cleve and Constans(1988) on the mutants of GC listed more than 120 
variants of this system. Kamboh and Ferrell (1986) made a survey of the literature that 
reveals IFF data for GC gene frequencies on 160 populations, this makes GC the most 
intensively studied blood genetic marker using IEF. The same authors summarized the 
marked variation in the world distribution of the GC sub-allele frequencies which 
suggests a correlation with skin pigmentation and intensity of sun tight. Black- and 
yellowish- skin type populations have a relatively high frequency of the GC*1F allele 
(60-83% for the former and 50% for the latter) as compared to white-skin populations, 
which are generally characterized by having the highest values of the GC*1S allele (50- 
60%).The GC*2 allele frequency in general is higher in Europeans and their derivatives 
than in African populations. Some selective forces have also been suggested that may act 
on the GC locus to maintain the variation in different geographical areas, a correlation 
has been found, though not universal, between low GC*2 frequency and incident 
ultraviolet tight ( Kirk et al., 1963; Mourant et al., 1976; Daiger and Cavalli-Sforza 
1977).
An association has been reported between the GC polymorphism and susceptibility of 
human immunodeficiency virus (HIV) infection and progression to AIDS (Eales et 
al., 1987). Their data showed that homozygous GC*1F individuals were more 
susceptible to infection by HTV and that GC*2 homozygosity was correlated with 
resistance to the infection. However, a number of subsequent investigations (Thymann et 
al., 1987; Gilles et al., 1987; Daiger et al., 1987; de Lange et al., 1987, Constans et al:, 
1987, Nixon et al., 1987; Pronk et al., 1988) have been unable to confirm these results. 
The possible explanations were that the original findings were due to chance, differences
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in methods and/or ethnic admixture in the subjects studied (or to some combination of 
these factors).
Laboratory method of IEF for GC sub-typing
Standard procedures for carrying out IEF were established in our laboratory (Kamboh 
et al, 1983) and the following methods were employed for all the populations studied. 
Polyacrylamide gels sized 260mm x 125mm x 0.7mm were prepared by mixing the stock 
solutions as follows:
1. 5.0ml of 29.1%(w/v) (mono)acrylamide (Sigma Chemical Co., St Louis, Md, 
USA) in distilled water.
2. 5.0ml of 0.9% (w/v) N-N-methylenebisacrylamide(bis)(Bio-Rad, Richmond, 
California, USA) in distilled water.
3. 18.0ml H20.
Or simply, when making only one gel, 1.455g of the mono and 0.045g of the bis in 
28ml distilled water, the total acrylamide concentration was 5% (mono = 4.85%; bis = 
0.15%).
4. 0.6ml Pharmacia ampholine pH range 4-6.5(2%).
5. 1.0ml of 0.1% Riboflavin(Fluka AG, Buchs, SG, Switzerland) in distilled water. 
The gels were stored at room temperature overnight and polymerized under
fluorescent light: polymerization was usually complete within one hour.
IEF was performed on an LKB 2117 Multiphor with the LKB 2103 power supply and 
Lauda K4R cooling unit.
Gels were prefocussed for 45 minutes at Vmax 1,500V, Pmax 30W; Imax 50mA at 
70C.
Whatman 3MM filter papers (10x4mm) saturated with plasma were applied 1cm from 
the cathode electrode.
IEF was allowed to continue for three hours under the same running condition as 
prefocussing.
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The gels were then stained in a solution containing 49g sulphosalicylic acid in 700ml 
distilled water and 350ml methanol. White GC bands were precipitated immediately and 
visualized against a dark background using illumination from one side.
GC subtypes were analysed for all the samples in this study for which results of 
RFLPs of the ALB gene also were available. The.distributions of GC phenotype and 
allele frequencies are presented in Table 4.4. Chi square tests demonstrated good 
agreement between observed phenotype frequencies and those expected for Hardy- 
Weinberg equilibrium. The results for the present 12 Oceanic populations are very close 
to those in previous reports (Kamboh et al. 1984; Zeng and Omoto 1988) which showed 
that there is marked variation in GC IF and IS frequencies in the Asian-Pacific 
populations. The highest frequency of the GC*1F allele has been observed in the east and 
southeast Asian populations (50%), the present samples from Indonesia recorded 64%, 
the Hong Kong samples showed 58%, and similar frequencies are present in some 
Oceanic populations (GG*lF:34-50%). The Tolais and Aborigines, have somewhat 
lower frequencies (0.23-0.31%). Previous reported data for Europeans give low values 
for GC*1F ( Cleve et al, 1978; Constans et al. 1979) and the frequency in the present 
study in samples from the Canberra Blood Bank was 0.21. The range of GC*2 
frequencies is 14-30%, with samples from Hong Kong, Indonesia, Niue and Karimui 
having the lowest frequencies (14-17%). Kamboh et al.( 1984) also reported a high 
frequency of a rare variant GC 1A1 (originally GC Ab) in the PNG Highlanders (18%) 
and Australian Aborigines (1-5%). The values found in the present study are similar. 
However, since only a simple visualization technique was used, based on sulfosalicylic 
acid precipitation of the GC protein and typing in a dark field illumination system, and 
since the 1A1 band is inbetween the F and S bands, it is easy to make typing errors. 
Nevertheless, these few variants have little effect on the overall analysis for the ALB-GC- 
DBP haplotypes.
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Figure 4.4 Diagram of the vitamin D-binding protein locus and the four fragments 
that was cloned and used as probes (based on the information from Dr. N. Cooke) 
The EcoRI site are indicated (E) and the first and last encoded amino acid residues 
are numbered beneth the mRNA.
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Table 4.5 Restriction fragments observed at the DBP locus
Enzyme No.tested Fragment sizes(kb) Total bands 
detected
Nucleotides
screened
Apal 13 16 1 12
(GGGCC/C) 
Avail 26 8 1 10
(G/Gt a CC) 
BamHI 30 23*, 16*, 14*, 13* 4 30
(G/GATTC)
Bell 20 17.0, 14.3*, 12.6*, 6 42
(T/GATCA) 
Bgin 49
(A/GATCT)
11.5, 9.2, 3.0 
6.8, 5,6 5.2, 4.5, 2.3, 
2.2, 1.9, 1.4 8 54
EcoRI 4
(G/AATTC)
9.5, 6.6, 5.6, 3.5, 3.0, 
2.0, 1.9, 1.4 8 54
EcoRV 10 8.1, 5.4, 4.6 3 24
(GAT/ATC) 
HaeHI 9 2.6, 2.0, 1.5, 1.2 4 20
(GG/CC)
HgiAI 12 4.9, 3.8, 2.6, 1.3 4 30
(Ga t GCTa /C)
Hindi 15 5.1, 3.4, 2.6, 2.3, 1.9 5 36
(GTTc/Ag a C) 
Hindni 60
(A/AGCTT)
20, 10.2, 6.6, 3.9, 1.7, 
0.95, 0.7, 0.6 8 54
Kpnl 10 5 36
(GGTAC/C) 
MspI 21 12*, 8, 6.5, 5*, 3, 2 . 6 28
(C/CGG)
PstI 18
(CTCGA/G)
16.6, 10.7, 7.9, 6.0, 5.5, 
4.8, 2.8 7 48
PvuII 24 7.4, 4.7, 4.4 3 24
(CAG/CTG) 
Rsal 11 2.8, 1.9, 1.3, 0.9, 0.8 5 24
(GT/AC)
SacI 48 23.4, 8.7, 2.1, 1.4 4 30
(GAGCT/C)
StuI 12 15.1, 10, 7.9, 4.4, 2.1, 1.7 6 42
(AGG/CCT)
TaqI 42 15.5, 7.6, 5.4, 3.8, 3.4 5 24
(T/CGA)
Xbal 10 5.6, 3.9, 3.1, 2.7, 2.5 5 36
(T/CTAGA)
Total 444 98 658
* polymorphic bands
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Figure 4.5 Bell restriction fragments hybridized with the hDBP probes:
(a) phDBP140+ phDBP310+phDBP505 + phDBP776;
(b) phDBP 776;
(c) phDBP 505;
(d) phDBP310;
(e) phDBP140.
phDBPl40+310+505+776
14.3kb
12.6kb
phDBP776 phDBP505
17kb -  • • •  1?kb
#
5kb ..
3kb
phDBP310 phDBP140
____ 17kb
-  11.5kb 
' 9.2kb
14.3kb
12.6kb
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Figure 4.6 M13hDBP probes hybridized with (a) MspI and (b) Bell restriction
fragments.
MspI/M13hDBP140
12kb
BclI/M13hDBP140
14.3kb
12.6kb
11.5kb
(B)
4.4 R FLPs of the vitam in-D -binding protein  gene
In the present study, four plasmid sub-clones, phDBP140, phDBP310, phDBP505 
and phDBP776 (the numbers refer to the approximate number of bases in each subcloned 
EcoRI insert) that make up the full-length human DBP cDNA (cloned and kindly supplied 
by Dr Nancy Cooke) were pooled and used simultaneously as probes (Figure 4.4). A 
new RFLP was found and screened in Oceanic populations.
Sixteen enzymes have been used to test for RFLPs at the DBP loci. Previous studies 
have shown that BamHI and MspI can detect polymorphisms at the DBP locus (Cooke et 
al., 1986; Ray and Cooke, 1988). Preliminary experiments with BamHI in populations 
from white Australian, Chinese and Papua New Guinears failed to identify the RFLP 
described by Cooke et g/.(1986) and it was therefore not included in this study. 
Unfortunately, the MspI polymorphism was only recently reported (Ray and Cooke,
1988) and only limited study of this RFLP could be included in this study. The results are 
tabulated in Table 4.5, which lists the names of the enzymes, number of individuals 
tested, fragment sizes in kb, number of bands detected and number of bases screened.
The values in the last column, nucleotides screened(NS), is the product of the number of 
bases recognized by the restriction enzyme (NBR) times the number of bands (NB) 
detected plus one: NS = NBR x (NB + 1). The results showed that three polymorphisms 
are discovered in the 658 nucleotides screened, i.e., one in 219 nucleotides are 
polymorphic. This formula has been used for the ALB gene and it was found that 1 in 95 
nucleotides are variable ( Murray et al., 1983), while the results from other genes varies 
from 1/100 to 1/300 (cf.Chapter 1).
Bell (T/GATCA) reveals an RFLP with 14.3kb (DBPa) and 12.6kb (DBPb) variant 
bands. When four probes were used separately the polymorphism was detected only by 
the sub-clone phDBP140 while the other sub-clones revealed only invariant bands 
(Figure 4.5). Table 4.6 shows the Bell fragments that hybridize with the different sub-
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Table 4.6.The bands of the Bell fragments hybridized by the individual hDBP subclones.
Band Subclone(s) hybridized
17.0kb phDBP776, phDBP505, phDBP310
14.3kb* phDBP140
12.6kb* phDBP140
11.5kb phDBP310
9.2kb phDBP310, phDBP140
3.0kb phDBP776
clones. The structure of the DBP gene is not yet known, although since phDBP140 is 
mapped at the 5' end of the gene (Figure 4.4), and there is no Bell site in this part of the 
coding sequence, it suggests that this RFLP is 5' to the first exon of the DBP gene. Ray 
and Cooke (1988) recently reported another RFLP detected by MspI (12kb/5kb) in North 
American Caucasians with the frequency of 0.77/0.23. The MspI RFLP was also detected 
by the 5' 140bp fragment probe (Figure 4.6).
The sub-clone phDBP140, with an inserted fragment of only 140bp, is the smallest 
hDBP probe. This probe could not be effectively labeled and the over-exposed ( >seven 
days) autoradiographs gave only weak bands. The fragment was later cloned into the 
single-stranded bacteriophage M13mpl8 (cf Chapter 2.2.6.) and the reconstructed probe 
was labeled by the primer extension method (Chapter 2.2.12). This technique gave strong 
bands after only 24 - 48 hours exposure.(Figure 4.6b).
Family data.
Family samples from four pedigrees (two UTAH families, K-1333, K-1345 and two 
English families) with two to three generations and 26 individuals were investigated.
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Family No. 1 UTAH K1333 Family No.3
AA BB .AB AB AB AB
Family No.2 UTAH K1345 Family No.4
□ O □ □
AA AA
Figure 4.7 Family data for the Bell RFLP at the at the DBP locus hybridized with the hDBP140 probe.
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Codominant segregation was demonstrated and the Mendelian inheritance pattem was 
confirmed. The results are shown in Figure 4.7.
Frequency distribution of the BcII-DBP RFLPs in the Oceanic populations
The RFLPs of the DBP/BclI were found to be highly polymorphic in all the 
populations with a total number of 529 samples screened The DBP*a frequency ranges 
from 0.64 in White Australian to 0.26 in northern Chinese. Most of the Oceanic 
populations have frequencies between 0.30 to 0.45. The phenotypic distributions in all 
groups studied were in Hardy-Weinberg equilibrium, and the frequency distribution in the 
12 populations is tabulated in Table 4.7.
4.5 Linkage disequilibrium analysis
Test for linkage disequilibrium were carried out using the same method described in 
the previous chapter, for the 12 populations in this study between the combinations of: a) 
RFLPs of ALB genes and the IEF detected protein polymorphism of GC; b) RFLPs of 
DBP and the protein polymorphisms of GC; b) RFLPs of ALB and DBP genes (Table 
4.8). In addition, a test for linkage disequilibrium was carried out between the two 
RFLPs detected by Bell and MspI at the DBP locus in the white Australian samples only. 
And also a test was made between the observed the expected haploytpe frequencies for
all of the groups screened.
(a) ALB-GC
Since the DNA polymorphism data of ALB are condensed into two types, only ALB*1 
and the three GC loci (GC*F, GC*S and GC*2) was tested in the combinations of 
ALB*1-GC*F, ALB*1-GC*S and ALB*1-GC*2. The existance of linkage 
disequilibrium in the samples from twelve populations are shown in Table 4.8. Six of the 
36 likelihood criteria data are significant, suggesting a weak linkage disequilibrium
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between these loci. Three of the significant values (p < 0.05) were in the ALB*1-GC*2 
combination; these were in the populations of Rarotongans, Aborigines and northern 
Chinese. Two cases ( p < 0.05) were in the ALB*1-GC*S combination for the 
populations of Kiribatis and southern Chinese. One population from Niue gave a very 
significant linkage disequilibrium value (p < 0.001) for the ALB*1-GC*F combination.
It was noted that six of the seven ALB rare variants with 24kb bands segregated with 
two homozygotes and four heterozygotes of the GC*S type.
(b) DBP-GC
The existance of linkage disequilibrium between the Bell RFLP and the three GC 
alleles (GCF, GCS, and GC2) was tested in samples from twelve populations. Nine of 
the 36 values gave significant values, suggesting a weak linkage disequilibrium between 
the two polymorphisms. Four of the significant values were in the DBP*A and GC*S 
combination in the two Polynesian populations ( p < 0.001), the PNG Tolais and the 
Australian Aboriginals ( p < 0.01); three cases were in the DBP*a and GC*F combination 
in the Indonesian populations ( p < 0.01), Micronesian Nauruans and Tolais (p < 0.5 ) 
and two cases were in the DBP* A and GC*2 combination in white Australians and the 
Polynesian Rarotongan samples ( p < 0 .05).
(c) ALB-DBP
The potential linkage disequilibrium between the RFLPs of the albumin gene and 
vitamin D-binding protein gene was tested. As there are two alleles for each RFLP, only 
ALB1 and DBPa were compared in the 12 populations, and no linkage disequilibrium 
was found except for one pair in the Karimuis ( p < 0.5). This may be attributed to 
chance (0.8% ).
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BclI-MspI RFLPs of DBP
The white Australian series ( N = 37 )was analyzed for the Bell and MspI RFLPs at 
the DBP locus. It was found that there was significant linkage disequilibrium ( p < 0.01) 
between the presence of the Bcll*a (14.3kb) and the Mspl*a ( 12kb) polymorphisms.
The MspI*A site was then tested with the three GC loci, GCF, GCS and GC2 but no 
linkage disequilibrium was found between these three combinations in the same white 
Australian samples (39 tested).
Chi square test of the haplotype frequencies
Another method for analysing the linkage disequilibrium is to use the chi square test 
of the observed haplotype frequency and the expected haplotype frequency (the 
multiplications of the gene frequencies and the sample numbers). Twelve possible 
haplotypes resulted from the two ALB loci (ALB*1 and ALB*2); three GC loci (GC*F, 
GC*S and GC*2) and two DBP loci (DBP*A and DBP*B) were observed in the 
populations studied. Eight of the 12 populations showed significant values which 
suggests again a weak linkgage disequilibrium between the three gene loci (Table 4.7).
4.5 Haplotypes derived from the ALB-GC-DBP complex
The ALB-GC-DBP haplotypes were determined directly from the DNA and protein 
analysis. Individuals with double or triple heterozygosities were excluded from the 
analysis (Table 4.9), and the results based on 580 out of a total of 1,050 chromosomes 
(55.24%). The ALB-GC-DBP haplotype frequencies are given in Table 4.10. Some 
haplotypes were not detected in certain populations, such as ALB*2-GC*2-DBP*A 
which was not found in white Australian, south Chinese and Niuean; ALB*1-GC*2- 
DBP*A was absent in south Chinese, Nauruans, Kariumuis, Tolais and Aborigines etc., 
though the limited sample sizes might be the possible reason. The haplotype frequencies 
show a much wider range of variation than do the individual allele frequencies for either 
ALB or GC or DBP. For example, ALB*1-GC*S-DBP*A ranges from 0.00 in the
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Table 4.9 Number of chromosomes analyzed in the haplotype studies 
of the ALB-GC-DBP gene complex
Total homo- heterozygotes No. Chr.
Population chr.No zygotes lx 2x 3x analysed
Melanesia
a E. Highland 84 14 28 34 8 40
Karimui 98 26 34 30 8 60
b Tolai 98 10 42 36 10 78
Polynesia
Niue 86 16 28 26 16 44
Raratonga 100 20 32 34 14 52
Micronesia
Kiribati 116 6 42 58 10 48
Nauru 56 4 20 24 8 24
S.E.Asia
Indonesia 96 24 32 28 12 56
Australian Aborigine
Mo w anj um 48 8 24 14 2 32
Asia
North China 130 12 60 44 14 72
South China 38 0 20 16 2 20
Europe
White Australian 100 16 38 36 10 54
Total 1,050
(100%)
156 400 380 114 580
(55.24%)
a The number of chromosomes analysed for the E. Highland sample was 
40 and not 42 because one individual was homozygous for a rare variant 
allele, ALB 9.4kb.
b The number of chromosomes analysed from the Tolai sample was 78 
rather than 52 because 13 individuals (26 chromosomes) with multiple 
heterozygosities were haplotyped by the family studies described on page
111 and Table 4.11.
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Table 4.11 Family data from the multiple heterozygotes of ALB-GC-DBP gene complex
No. father mother child 1 child 2
1 ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP
1-2/S-S/BB 1-2/F-S/AB 1-1/F-S/AB 2-2/S-S/BB
haplotype 
1-S-B, 2-S-B 1-F-A, 2-S-B
2 ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP
1-2/F-S/AA 2-2/F-S/AB 2-2/S-S/AA 2-2/F-S/AB
haplotype 
1-F-A, 2-S-A 2-F-A, 2-S-B
3 ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP
2-2/F-S/BB 1-2/F-S/AB 1-2/F-S/AB
haplotype 
2-F-B, 2-S-B 1-S-A, 2-F-B
4 ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP
2-2/F-2/BB
haplotype
1-2/F-2/BB 1-2/F-F/BB 2-2/F-F/BB
2-F-B, 2-2-B 1-F-B, 2-2-B / 2-F-B, 1-2-B (recombinant)
5 ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP
2-2/S-2/AB 1-2/2-F/AB 1-2/F-S/AB 2-2/2-2/AB
haplotype 
2-S-B, 2-2-A 1-F-A, 2-2-B
6 ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP
2-2/S-S/AB
haplotype
2-2/S-2/AB 2-2/S-S/AA 2-2/S-S/BB
2-S-A, 2-S-B 2-S-A, 2-2-B / 2-S-B, 2-2-A (recombinant)
7 ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP
1-2/S-S/AA 1-2/S-2-AA 1-2/S-S/AA 1-1/S-S/AA
haplotype 
1-S-A, 2-S-A 1-S-A, 2-2-A
8 ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP
2-2/S-S/BB 
haplotype
1-2/S-2/AB 2-2/S-S/AB 1-2/S-S/AB
2-S-B, 2-S-B 2-S-A, 1-2-B / 1-S-A, 2-2-B (recombinant)
I l l
Cont'd Table 4.11
9 ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP
2-2/F-2/B-B 1-2/S-2/B-B 2-2/S-2/BB 2-2/S-2/BB
haplotype 
2 -F -B ,  2 -2 -B 2 - S - B , 1 -2 -B
10 ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP
2-2/S-S/AB 1-2/S-2/AB 2-2/S-S/AB 1-2/S-2/AB
haplotype 
2 -S -A ,  2 -S -B 2 -S -A ,  1 -2 -B
11 ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP ALB/GC/DBP
1-1/F-S/BB
haplotype
1-2/S-2/BB 1-2/S-2/BB 1-2/F-S/BB
1 -F -B , 1 -S -B 1-S-B , 2 -2 -B  / 2 -S -B ,  1 -2 -B  (recombinant)
12 ALB/GC/DBP ALB/GC/DBP .ALB/GC/DBP ALB/GC/DBP
1-2/S-2/AB 
haplotype
1-2/S-S/BB 2-2/S-S/BB 1-1/S-2/AB
1 -2 -A I2 -S -B 1 -S -B /2 -S -B  (recombinant)
Aborigines and Niueans to 0.33 in the white Australians; ALB*2-GC*S-DBP*B ranges 
from 0.00 in Rarotongans and Kiribatis to 0.24 in the Tolais. This suggests that the 
haplotypes are of more value in discriminating between populations than the gene 
frequencies alone.
Family samples were available for 12 pedigrees in the Tolai group, where two children 
in each family of the parents with multiple heterozygosities in ALB-GC-DBP complex 
were analysed (Table 4.11). Their haplotypes were ascertained and four cases of 
recombination were noted.
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4.6 Phylogenetic distance estimation based on the ALB-GC-DBP data
Phylogenetic analysis using the ALB-GC-DBP haplotype frequency data was carried 
out using the three programs as described in Chapter 3. Three trees were constructed 
based on the ALB-GC-DBP haplotype data
Table 4.12 shows the matrix of genetic distance coefficients by Nei's (1978) unbiased 
minimum distance method (above diagonal) and by Cavalli-Sforza & Edwards' (1967) 
chord distance (below diagonal). Figure 4.8 gives the phenogram based on Nei's 
measure; and Figure 4.9 gives the Wagner tree by the parsimony procedure based on 
Cavalli-Sforza and Edwards' measure; and Figure 4.10 is the tree derived by the partial 
maximum-likelihood (M-L) method and run 10 times with the series added in different 
random order. The general features of the different trees are summarized as follows:
White Australians form the first primary split to all of the other populations, and this is 
clearly seen in Nei's tree; Wagner's tree is arbitrarily rooted at the midpoint of the longest 
path. The longest single branch is that leading to the white Australians, also suggesting 
that the major split is between the white Australians and the others; and in the M-L tree, 
the branch connecting the white Australians is the longest in length (32.8 x 10"3, the 
others range from 0.4 - 12.7 x 10~3).
The second major cluster resolves into two sub-clusters with the first setting the PNG 
Tolais closely with the Aborigines and PNG Karimuis in all of the three trees; the second 
setting the Polynesian Niueans and the S.E.Asian Indonesians; then the Polynesian 
Rarotongans and Micro ne si an Kiribatis. The remaining four populations are arranged 
differently by the three procedures. Nei's tree clusters north Chinese and south Chinese, 
then Nauruans and Eastern Highlanders in one split; while both Wagner and M-L's tree 
separate the north Chinese into another cluster from the south Chinese, the latter then 
splits next to Nauruans, and the Eastern Highlanders split between the clusters consisting 
of the Polynesians, Micronesians and S.E.Asian groups.
With the accumulation of further data, the trees are reconstructed in the following 
chapters, and a general discussion will be made in Chapter Seven.
Be
lo
w
 d
ia
go
na
l: 
C
av
al
li-
Sf
or
za
 &
 E
dw
ar
ds
 (
19
67
) c
ho
rd
 d
ist
an
ce
CO
«2
3
- o
<u
a ,
a«
3
.3
a*
CQ
Q!
U
01
CQ
<
ü
s
03H
<uua3
00
•
03s
3s
* 2
-a
<D
00
03
3
o or^ -
on
<u
Z
a3o
oß
0 3
CD
>C
J Z
<
v o r - ' O c o c N v o r ' V O w o c N O N
CNWovor' - '3‘ N‘ o o o o wo c o r - '
CN ON T f  O
O n wo VO ON
CO O n 
W0 3 "
r ~  o o  
wo r f
wo
VO
ON »—• Os so
r "  c n  c o  v o
wo
VO T f
OO CO 
CO CO
Tf * 
CO *  *
CN
VO
CO
VO ON O  VO
C- ^
r -  wo
CN T—'
wo O
VO OO 
CO r f
Tj- WO O  wo 
WO CO
OO 1-H 
CN CN WO
CN
CN
OO CO 
ON CN
O  CO' 04 Oso o
CN
CN < t—•
O  o o  o o
CN CO ^ r
ON ON 
O n
CN CN —H *
CN *  
*
On r- 
CO CO
O  CO O ' 
OO VO C^ 
CN CO CO
O n O n 
i-<  CN
O  T f  
CO T f
wo
Tj-
CO
T f  CO 
"3- T f  
CN CO
— I VO O  
c o  o o  r "
CO T t  t
OO CN 
I—* T f
wo *
T-t **
oo wo
ON r ~  
CO CN
wo oo i/o
CO CO
C"> T t O  
OO O n o  
CN CO wo
CN o  
VO
*  CN
*  CO
*  CO
CO i—*I 
C-* ON 
CO CN
CO CN 
CN OO 
CO 1-H
ON WO ON 
WO VO CO 
CN CO T f
^ * r- * *
t}-O n CO CO wo
wo O n r- CN WO WO
CN O  
CN O  
WO r f
CN OO t—I 
VO VO CV 
N" 3" N"
* r-
* co
* 3-
CN VO 
CN VO 
<N CO
CO CO 
3 "  O n 
CO CN
O  WO 
O n t~ < 
CN CN
co r"
CN WO 
CN CN
30
’S
1
Oh
3
<
$
oo
<U
.3
JZCJ
.3
s z
U
Z cn £
3
3
•
C/3<ua
o
03C
33
Oß
30
1&
3
3<u
.2
Z
C/3•3
£
3
s
2
33z
£
o33
33
K
w
C/3
3
2
■§
c N c o 3 - w o v o r ^ o o o v
*
**
oo
3-
CO
vo
CO
CO
ON
’Of3-
VC
VO
CO
O n
CO
WOO3"
O
3 "3-
CN
VO
3"
3 -wo
3"
oor-wo
11
 
To
la
is 
42
5
12
 
A
bo
ri
gi
ne
s 
41
5
N
 
C
h
in
es
e a
C/2
#c
U
c/3
C/2
9
e
8 C
s
cz
T 3C CJDC • -
C3
*V2 ■jj=3
cz
J Z
1
S
o
■w
o
u
C3
'c z
£
* u
ac
o
T 3mm
c
cz
a
pi
• Mp
g
* £
C3
Ü
o
Z a C* 3 c z a H
C/2
4/
C
• «■P
’uo
-C
c /2
<
oo
Ö
CMq
d
o
d
CDo
d
COq
d
ooe
3
3
’■5
E
•m
E
’S
E
■c
O
1/3.2JO
E
j/2
‘Sz
s
9
■oo
C /3«JO
C/3
8
9
a
9a.
C3
0/
9c
9j=
9
E«
54)
9
8
9
J=O.
C
S
c
—
oo
rr
9
1m
3e^x
o
fo
r 
A
LB
-G
C
-D
B
P 
ha
pl
ot
yp
e 
da
ta
N.
 C
hi
ne
se
Fi
gu
re
 4
.9
 
W
ag
ne
r 
pa
rs
im
on
y 
ph
en
og
ra
m
 o
f 
th
e 
O
ce
an
ic
 p
op
ul
at
io
ns
 b
as
ed
 o
n
116
Tolais
Karimuis
Nauruan
White Aust.
S.- Chinese
Kiribatis
Aborigines
N. Chinese 
Indonesian
Niuean 
E.H-Ianders
Rarotongan
Figure 4.10 Maximum-likelihood estimation for the Oceanic
populations based on ALB-GC-DBP haplotype data
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C H A P T E R  FIVE
RENIN GENE AND FXIIIB GENE
5.1 Introduction
5.2 RFLPs of the renin gene and Factor XIIIB gene
5.3 Linkage disequilibrium analysis for the REN-FXIIIB genes
5.4 Gene frequency distributions for the REN and FXIIIB loci in
the Oceanic populations
5.5 Phylogenetic distance estimation based on the REN and
FXIIIB gene frequencies and the combined data with the 
beta-globin and ALB-GC-DBP haplotypes
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5.1 Introduction
Human renin (REN) is an important regulator of blood pressure and salt balance. This 
aspartyl protease, which cleaves angiotensinogen to form angiotensin n, acts on a very 
restricted set of substrates. The interruption of the renin-angiotensin system by inhibition 
of angiotensin converting enzyme has led to the development of effective antihypertensive 
agents. Active renin is produced in the juxtaglomerular cells of the kidney, and its release 
is controlled by several factors such as autonomic influences, pressure changes, 
angiotesin n, and sodium chloride among others ( Buhlmayer et al, 1988; Freeman and 
Davis, 1983; Hardman et al., 1984; Tang, 1973; Sealey et a i, 1977; Skeggs et al.,
1980 ).
REN was located first by DNA analysis of somatic cell hybrids on lq21— qter 
(Naylor et al. 1983 and Chirgwin et al 1984); then using in situ hybridization, McGill 
et al.( 1987) and Cohen-Haguenauer et a/.(1987) mapped it to Iq25-q32 and lq32; while 
more recently, Nakai et a/f1988) localized the gene to band lq42. Several other gene loci 
(peptidase C; fumarate hydratase; guanylate kinase; ferritin heavy chain-2; 5S-ribosomal 
RNA template and adenovirus-12 chromosome modification site IC) have also been 
assigned to lq42. It is interesting from the point of view of evolution throwgh gene 
dupication that members of several multigene families exist in this region (Nakai et al., 
1988).
The availability of DNA clones containing human renin chromosomal gene sequences 
(Hardman et al, 1984; Hobart et a l 1984; Fritz et al., 1986 ) permit the studies of renin 
gene structure, expression and evolution.
Coagulation factor XIII (FXHI or FI 3) is a plasma glycoprotein that circulates in 
blood as a proenzyme and can be converted into active form by thrombin to participate in 
the final stages of blood coagulation (Folk and Finlayson, 1977; and Lorand et al., 1980). 
FXin circulates in blood as a tetramer (a2b2) which consists of two A subunits, with the 
molecular weight of 75,000 each, and two B subunits, Mr of 80,000 each. The A subunit
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contains the catalytic site(s) of the enzyme (Chung et al., 1974) while the B subunit is 
thought to protect or stabilize the A subunits (Folk and Finlayson 1977, Lorand et al., 
1980). Both subunits are the products of distinct autosomal genes (Board, 1979, 1980).
The A subunit gene ( F13A) has recently been assigned to 6p24-25 (Board et al.,
1988) and the B subunit gene (F13B) localized to lq31-32.1 by in situ hybridization 
(Webb etal., 1989).
Genetic variants of both sub-units were first identified by Board (1979 and 1980). 
F13B has been found to be more polymorphic than FI3A, and reported gene frequencies 
of F13B (alleles 1, 2, and 3) clearly differentiate the populations groups studied: 0.75, 
0.08 and 0.17 in White; 0.36 0.55, 0.07 in Black; 0.30, 0.00, 0.70 in Asians; and 0.50, 
0.03, 0.47 in Amerindians (Board, 1980; Dyke and Polesky 1987; Nishigaki and 
Omoto, 1982.) Other reports for different populations give similar results (Kuhnl et al, 
1983; Leifheit 1985; Mauff etal, 1986; Miller et al., 1985; Nakamura et a i, 1982; 
Olaissen et al., 1983).
The cDNA for the factor XilLB subunit gene, which contains 2,180 base pairs coding 
for the mature protein of 641 amino acids, has been cloned by Ichinose et al. (1986). This 
has made the further investigation of the locus possible.
While the present study was in progress, two groups reported significant linkage data 
between REN and F13B. O'Connell et al.{ 1989) recently reported a linkage map of 
markers for human chromosme 1. A total of 28 marker loci were used to construct a 
genetic map, that represent >90% of the chromosome by physical data, for this largest 
human chromosome which contains 9% of the whole human genome. These markers 
form a continuous linkage group of 320cM in males and 608cM in females. A Hindin 
RFLP of REN, detected with probes pHRnES 1.9 and pHRnX3.6; and the protein 
electromorphs of F13B detected by the methods of Board (1984) and Kamboh and Ferrell 
(1986) showed the pairwise LOD score of £ = 7.4, at 6 = 0.185. Griffiths et al. (1989) 
recently reported their linkage studies of a set of genes on chromosome 1. Among others, 
they showed significant linkage between F13B and REN with a combined maximum 
LOD score of 5.071 and a recombination fraction of lOcM . That study used the agarose
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Table 5.1 Restriction fragments detected with the REN probes and the number of bases
screened for RFLPs.
Enzyme No. tested Fragment sizes (kb) Total bands Nucleotides
detected screened
BamFH 7 2.9, 8.1, 1.9 3 24
(G/GATTC)
Bgin
(A/GATCT)
39 27* , 21* 2 18
EcoRI 26 3.2 1 12
(G/AATTC)
HgiAI 11
(Ga t GCt A/C)
7.1, 4.1, 2.9, 2.4 4 30
H in d i 16
(Gt Tc /AC-AC)
20 ,3 2 18
Hindm 13 7.8, 3.3, 2.3 3 24
(A/AGCTT)
Xbal
(T/CTAGA)
18 4.9, 4.2, 2.8 3 24
Total 130 18 144
* polymorphic bands
saves the pre-reassociating procedure (Figure 5.2a,b). This probe was used in the 
screening of all the samples in this study. It was also found recently that the whole 
fragment of the kHRV could be effectively nick-translated and used as a probe which 
gives the same Bglll RFLP pattem as is given by the separated fragments, except it also 
hybridizes an extra invariable band of about 4kb (Figure 5.2c).
Family studies were carried out in five pedigrees with two and three generations and a 
total of 37 individuals. The codominant segregation confirms Mendelian inheritance 
(Figure 5.5).
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Figure 5.2 Southern blots of Bgffl RFLPs at the REN locus hybridized with
a) probe pREN 886
b) probe pREN3k and
c) probe 1HRV
(No. 3 is a rare variant found in one Hongkong sample)
27kb
21kb
27kb
21kb
4kb
(C)
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Until now, five RJFLPs at the human renin gene locus have been reported. These 
studies were carried out using different clones of the REN gene: the cDNA probes 
isolated from a kidney cDNA library and subcloned into pUC9 (Fritz et al., 1986) or 
pHRnES1.9 and pHRnX3.6 (Chirgwin et al., 1984), and screened in the European 
populations from North America (Frossard et al., 1986, Masharani et al., 1988; 
Masharani and Frossard, 1988) and France (O'Connell et al., 1989). These RFLPs and 
allele frequencies are summarized in Table 5.2.
One trial of the Hindin filters (20 samples) in the present study only revealed an 
invariable pattern with three bands at approximately 7.8kb, 3.3kb and 2.3kb (Table 5.1), 
and did not detect the 9.0kb/6.2kb (or 8.2/6.2kb) polymorphic bands revealed by the 
other investigations (Table 5.2). This may due to the differences of the probes used, as 
the original XV probe in this study contains no exon 1 at the 5’ region of the gene. No 
filters of Bgll, EcoT14I, Mbol, which are used sometimes were tried in the present 
populations, and because of time constraints, neither was TaqI.
F13B RFLP
The RFLPs of F13B, caused by an insertion or deletion event, have been reported by 
Webb et al. (1989). They give allele frequencies of 0.56 and 0.44 in 42 white Australians 
(cf Chapter 4.3). Since the three enzymes, Bglll, EcoRI and Xbal appear to detect the 
same polymorphism, only Bglll is used in the present study (Figure 5.3).
This has another advantage since Bglll reveals RFLPs for both REN and FXIIIB and 
the hybridized bands are well separated from each other (27 and 21kb for the former and 
7.21, 6.84kb for the latter), so that both labeled probes could be used at the same time to 
hybridize the RFLPs for both genes on the same filter (Figure 5.4).
Family data.
Family samples from five pedigrees ( UTAH family 1029, Pedigree K-1340, K-1333, 
K-1345 and two English families) with two and three generations and a total of 37 
individuals were investigated. Codominant segregation was demonstrated and the 
Mendelian inheritance pattern was confirmed. The results are shown in Figure 5.5.
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Table 5.2 Reported RFLPs at the REN locus in the European populations.
Enzyme Probe No. Allele size(kb) Allele Authors
allele 1 allele 2 frequencies
Bgll 1.5kb cDNA 80 9.0, 5.0 0.61 0.39 Frossard ex al,
(GCC(N)4/NGGC) 1986
in pUC9
EcoT14I pCB-01 40 1.7 0.6 0.55 0.45 Masharani et
(CCAT/TAGG) a l ., 1988
0.75kb, 5’
ffindm 1.5kb cDNA 80 9.0 6.2 0.66 0.34 Frossard ex a i .,
(A/AGCTT) in pUC9 1986
pHRnES1.9 661 8.7 6.2 0.70 0.30 O'Connell ex
a l ., 1989
Mbol 1.5kb cDNA 80 1.4 1.0 0.80 0.20 Masharani and
(GA/TC) pUC9 Frossard, 1988
TaqI pHRnX3.6 185 10.0 9.0 0.28 0.72 O’Connell ex
(T/CGA) fl/., 1989
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Figure 5.3 Southern blots of Bglll RFLPs at the F13B locus 
No. 5 is type AA (6.8kb)
Nos. 1, 2, 7 are type BB (7.2)
Nos. 3, 4, 6, are type AB (6.8/7.2kb)
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Figure 5.4 Southern blots of Bglll RFLPs at both the REN and F13B loci, two probes 
are hybridized simultaneously on the same filter.
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UTAH Pedigree K -1 3 4 0
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AA
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2 - 2  2 - 2  2 - 2  2 - 2  2 - 2
Figure 5.5 Family pedigrees showing the inheritance of the REN and F13B alleles. 
REN: 1-1; 1-2; 2-2. F13B: AA; AB; BB.
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5.3 Linkage analysis for the REN-FXIIIB genes
A test for linkage disequilibrium between the REN and F13B loci was made using the 
log linear modelling technique as outlined in previous chapters. Since both gene loci are 
bi-allelic, one combination only of REN* 1 / F13B*A.was tested in the 14 populations 
studied.The results are tabulated in Table 5.3. No significant values were found except, in 
the Rarotongan sample in which REN*1 and F13B*A associate non-randomly (p <
0.05). A single significant association in fourteen comparisons can be expected to occur 
by chance. There thus appears to be no linkage disequilibrium between these two loci.
The apparent absence of linkage disequilibrium may reflect the distance between the loci 
or the loss or creation restriction sites on multiple occasions.
Linkage between REN and F13B, which has been reported to be approximately 
18.5cM by O'Connell et al (1989) and lOcM by Griffiths et al. (1989),.was estimated in 
the families investigated in the study. Only one family in the present analysis was 
informative and gave the pairwise LOD score of Z = 0.903 at 0=0.000.
5.4 Gene frequency distributions for the REN and FXIIIB loci in 
the Oceanic populations
The RFLPs of both REN and FXIIIB are useful genetic markers that show variable 
polymorphic frequencies in the Oceanic populations.
REN was screened in a total of 781 samples (Table 5.4) The allele frequency of 
REN*1 is generally low in the PNG Lowlanders and Highlanders (0.04-0.05), 
Aborigines (0.06), Indonesians (0.07) and Polynesians (0.08). The Chinese and 
Micronesians have higher frequencies (0.16), while the white Australians rank the highest 
(0 .21).
Table 5.3 Likelihood criteria for linkage disequilibrium between 
REN and FXHIB in the Oceanic populations.
Population Number
tested
REN*l/FXUIB*a 
scaled deviance
P
(df=4)
Melanesian
Madang 59 2.2584 >0.50
Tolai 50 1.3277 >0.80
E H-land 71 1.3301 >0.80
Karimui 65 0.8193 >0.80
Polynesian
Niue 50 0.6334 >0.90
Rarotonga 46 11.159 <0.05
Micronesian
Kiribati 46 1.3162 >0.80
Nauru 53 0.4367 >0.90
Australian
Aborigine
Kalumburu 30 2.5426 >0.50
Mow anj um 95 3.9382 >0.30
Indonesian 52 3.8648 >0.30
Asian
N.China 48 5.5309 >0.20
S. China 40 3.0807 >0.50
White
Australian 56 4.5570 >0.20
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F13B was screened in a total of 705 samples (Table 5.5). The allele frequency of 
F13B*a was rather high in the Melanesians, ranging from 0.30 in Tolais to 0.61 in 
Karimuis, and reasonably low in the Polynesians and Micronesians, ranging from 0.09 
in Rarotongans and Kiribatis to 0.13 in Niueans, with the exception of Naurans which 
have a frequency of 0.23. Indonesians show a similar frequency (0.12) to the 
frequencies in Polynesians and Micronesians. The two Chinese groups are in the 
intermediate ranges (0.24-0.26), and Aborigines (0.32) are close to lowland Papua New 
Guineans. The white Australians are at the upper end of the range (0.55).
The phenotypic distributions in all groups studied are not significantly different from 
Hardy-Weinberg expectations.
5.5 Phylogenetic distance estimation based on the REN and FXIIIB gene 
frequencies and the combined data with the ALB-GC, beta-globin 
and DBP-GC haplotypes
Phylogenetic analysis based on the REN and FXIIIB allele frequency data in the 
Oceanic populations was carried out as in the previous chapters. In addition, all of the 
haplotype data from the previous chapters, i.e. the ß-globin gene cluster and ALB-GC- 
DBP gene complex are added in and computed using the same methods.
1) Phylogenetic trees based on the REN and FXIIIB allele frequency data.
Table 5.6 shows the matrix of genetic distance coefficients by Nei's (1978) 
unbiased minimum distance method (above diagonal) and by Cavalli-Sforza & Edwards’ 
(1967) chord distance (below diagonal). Figure 5.6 gives the phenogram based on Nei's 
measure; and Figure 5.7 shows the Wagner tree based on Cavalli-Sforza and Edwards' 
chord distance. Figure 5.8 gives the one tree that resulted from partial maximum 
likelihood (ML) estimation after adding the populations in a series of 10 randomly chosen 
orders. The similarities and differences of the three trees are summarized as follows:
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Rarotongan
Indonesian
White Aust.v E H-landers T o la i s
K a r i m u i s
K i r i b a t i s
Niuean
Nauruan
Madang Aborigines N.Chinese S.Chinese
Figure 5.8 Phylogenetic tree by Maxmum-Iikelihood estimation
based on the gene frequencies data of RFN and FXIIIB 
( // shows the long branch length >10 scale)
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A comparison of the phenograms reveals some features which they share in common. 
Firstly there is a close relationship between Australian Aborigines and the Tolais of New 
Britain. Secondly the Europeans are associated with the three New Guinea groups, the 
Highlanders, coastal (Madang) and fringe (Karimui) groups. Thirdly, Nauru associates 
with north and south China, and forthly, the remaining cluster includes Niue, Rarotonga, 
Kiribati and Indonesia. Whilst there are some differences in the exact relationships 
revealed by the different methods of tree construction, the broad pattern appears to be 
stable. This has not been the case for the grouping provided by the various tree methods 
in the previous chapters.
2) Phylogenetic trees based on all of the haplotype and gene frequency data.
Table 5.7 shows the matrix of genetic distance coefficients by Nei (1978) unbiased 
minimum distance method (above diagonal) and by Cavalli-Sforza & Edwards (1967) 
chord distance (below diagonal). Figure 5.9 gives the phenogram based on Nei's 
measure; and Figure 5.10 show the Wagner tree based on the Cavalli-Sforza and 
Edwards' chord distance. Figure 5.11 gives two trees ( 3x for tree A and 7x for tree B) 
using the partial maximum likelihood (M-L) estimation after adding the populations in 10 
random orders.
The Oceanic populations in the present studies are split in two major clusters by all of 
the phenograms: the Aborigines and the Papua New Guineans group into one cluster, 
with Tolais as the closest partner of the former, the Asian and other Pacific populations 
into another, some stable pairs being the Niuean and Indonesian, Kiribati and 
Rarotongan, north and south Chinese and Nauruan. The white Australians split remotely 
from all of the other Oceanic populations.
There are some differences between the dendrograms: the Eastern Highlanders are 
placed in the second cluster in Wagner's tree; the white Australians are split into the PNG 
and Aborigines cluster in Nei’s tree; and the Chinese are in different position in the two 
trees of the ML phenograms.
Tab
le 
5.7
 M
atr
ix 
of 
gen
eti
c d
ist
anc
e c
oef
fic
ien
ts 
(xl
OOO
) f
or 
the
 12
 Oc
ean
ic 
pop
ula
tio
ns 
bas
ed 
on
 tl 
poo
led
 da
ta 
of 
hap
lot
ype
s a
nd 
RF
LP
s i
n t
he 
pre
sen
t t
hes
is
Tf o VC VCon Cv CN CN O O Cv Cv rj-IO n- >oO  ooin C\
O  VOun r- O  on nr Cv Tt »O i—< in »—< cv * * *
o
VCon
<N in on rf Cv ^  CN O  OTf on o  <N vC CN CN
—i OOon on Cv on on on oo * on ■* *
^  ' O'cn cn r~-I CN CN
<uoc3V2*6T3Ö-C o ^—\
VCC n
!/)T3c3£T3w
3B<500
> ■■ <
>3u
13coOQ3-o£o
O
<D0
aa•T3§ 
£ * C*
1 -c<L>oo.2IS
g3
OO
Cv
• »-*<u2
13co003*3
D>
2< Coa3
&cu
O  oo i/n
r in
r- m
'—I onTf oo
in vc ^  VO
on vc on *—i
<N *un * *
* un* oo* CN
*3.2 icO *r2 *0 ^ H *
—i wnon un
CN rf "Cf 1—1
on vc r^
Os VO3"
I—« *
*  *
CN3-CN
un vo 
cn unCN CN
CNonon
<uT3CajKH
CNOOCN
C/2c30).52
O  CNun un
oo VC
on * * *
r- cv Cv cv
on r- wnCN CN
vo on CN Cv on cn
CV (N O  on on on
Os * 3- **
oo
CN
oco
cä
* CN O* CN t—* on r—<
r- O r- 
1— 1 on 1— 1 
cn on cn
3- CN O  CN on CN
on 0 -O  O  OOcn on 1—<
on oo —I in r^- —iCN CN CN
m  cv cn on oo —i CN CN CN
oo O  vo O  OO so on cn cn
0•Ö3jo•e3
ooG35332
C"* cn oo 1—• i—• so on on on
vo cn 1—  un on cn 
1—I cn on
on 3^  O  on o  oo 
cn cn on
os vo in 1-1 CN VO CN cn on
— • cv on Cv vo vo i—i i—I on
oo vo un on on —  
cn cn on
3- un vo in r- o  cn cn on
O  on in r- on cn cn on on
«2 3->O0 C O:g> .sS JG5 u
Dt/2(UC
1c
U
33•00<uGO
a3<
< 2 co 1
cNcnTfinvor^oocv
**
*
0.
05
 
0.
04
 
0.
03
 
0.
02
 
0.
01
 
0.
00
<N^r
c/3
’«3
o
H
C/3O
3
"3d
•  mm
o
.3
<
c/3
u
?!
US
y■as3
—
C/3
3
<
Z  Ä
c3
!JDs3
ou3
2S
3
-3
•  M
3
3
3
3
3z
y
C/3
y
G
mmm
5
y
C/3
y
U
gu
re
 5
.9
 
U
PG
M
A
 p
he
no
gr
am
 o
f 
th
e 
O
ce
an
ic
 p
op
ul
at
io
ns
 b
as
ed
 o
n 
N
ei
's 
un
bi
as
ed
 m
in
im
um
 d
is
ta
nc
e 
fo
r 
th
e 
po
ol
ed
 h
ap
lo
ty
pe
 a
nd
 R
FL
Ps
 d
at
a.
W
hi
te
 A
us
t.
m
TT
Fi
gu
re
 5
.1
0 
W
ag
ne
r 
pa
rs
im
on
y 
de
nd
ro
gr
am
 o
f 
th
e 
O
ce
an
ic
 p
op
ul
at
io
ns
 b
as
ed
 o
n 
C
av
al
li-
Sf
or
za
 &
 
E
dw
ar
ds
 
ch
or
d 
di
st
an
ce
 f
or
 t
he
 p
oo
le
d 
da
ta
 o
f 
ha
pl
ot
yp
e 
an
d 
ge
ne
 f
re
qu
en
ci
es
 (
ar
ro
w
 s
ho
w
s 
th
e 
ro
ot
 o
f 
th
e 
tr
ee
).
144
Aborigines White Aust.
N.Chinese
Nauruan
Karimuis S.Chinese 
Indonesian
Kiribatis
Rarotongan
Niuean
(A )
Aborigines
Tolai
E
S.Chinese
N.Chinese White Aust.
Nauruan
Kiribatis
Karimuis
RarotonganH-landers Indonesian
Niuean
(B)
Figure 5.11 Phylogenetic trees by maximum-likelihood 
estimation for the Oceanic populations based on the 
pooled data of all the haplotype and gene frequencies 
in the Oceanic populations in the present study.
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A fuller discussion of the phylogenetic relationships between the eight major Oceanic 
populations: E.Asian, S.E.Asian, Highlanders and Lowlanders of Papua New Guinea, 
Polynesian, Micronesian, Australian Aborigines and the white Australians based on all the 
data presented in this thesis will be given in Chapter Seven.
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CHAPTER SIX 
GST2 AND GLO GENES
6.1 Introduction
6.2 RFLPs at the human Glutathione S-Transferase 2 locus
6.3 Protein polymoiphisms of Glyoxalase 1
6.4 GST2-GLO linkage analysis
1 4 7
6.1 Introduction
Human glutathione S-transferases (GST, EC 2.5.1.18) are a family of multifunctional 
isoenzymes involved in the metabolism of a broad range of xenobiotics. Study of the 
basic GST isoenzymes in liver samples using an electrophoretic technique identified three 
basic isoenzymes that occurred in three different phenotypes in different individuals 
which were interpreted to be the products of a single gene locus, termed GST2, with two 
alleles that encoded subunits of type 1 and type 2 (Board, 1981). Suzuki et al (1987) 
purified GST2 type 1 and GST2 type 2 from human liver and showed that the isoenzymes 
are very similar in terms of the subunit molecular weights, substrate affinities, glutathione 
peroxidase activities and immunological properties. Board and Webb (1987) isolated and 
sequenced a GST-2 cDNA clone and localized the gene to chromosome band 6pl2. 
Subsequent molecular studies by Board and Pierce (1987), Rhoads et a/.(1987) and Tu 
and Qian (1986) have indicated that GST2 type 1 and GST2 type 2 are not allelic, but are 
the products of two very closely linked loci.
The glyoxalase I (GLO 1) is a red cell enzyme (EC 4.4.1.5) which catalyzes the 
irreversible conversion of methylglyoxal and reduced glutathione into s-lactoyl 
glutathione. The polymorphism of GLO 1 was first described by Kompf et al. (1975) in 
the German population. Three common phenotypes GLOl 1-1, GLOl 2-1 and GLOl 2-2 
were found, which are controlled by two autosomal alleles GL01*1 and GLO 1*2. The 
frequency of GLO*l in Europeans is , on the average, about 0.42; in Africans, around 
0.28-0.33, somewhat lower in the Asians, averaging 0.17 among nine Chinese ethnic 
groups; and is close to 0.10 among the Australian Aborigines that have been tested 
(Weitkamp, 1976; Goedde et al., 1979; Li et al., 1986; Ghosh, 1977). Family studies and 
man-mouse somatic cell hybridization demonstrated that the locus coding for GLOl is on 
chromosome 6 in close linkage with the HLA region and the PGM3 locus (Bender and 
Grzeschik, 1976; Olaisen et al., 1976).
GLO has been used as a chromosome 6 marker together with the HLA, Properdin 
factor B, complement C2 and C4 in genetic studies on diabetes mellitus in various
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populations (Kirk et al., 1979; Carroll et al., 1984 and Kirk et al., 1985). The present 
chapter will use data for the RFLPs at the GST2 locus and the protein polymorphism for 
GLO to examine the linkage relationship, if any, between GLO and GST-2, the latter 
having been newly assigned to this region by Board and Webb (1987).
6.2 RFLPs at the human Glutathione S-Transferase2 locus
A plasmid probe, pGST2-PvuII, containing a 700 bp cDNA fragment was used in this 
study (Board and Webb, 1987). One restriction enzyme HgiAI (G ^G C T ^/C ) identifies
a two allele polymorphism (GST*2a and GST*2b) with bands at about 8.1kb and 7.2kb 
(Figure 6.1).
A family study on four pedigrees with three generations and a total of 22 individuals 
showed codominant segregation and confirmed the Mendelian pattern of inheritance 
(Figure 6.2).
Due to the high cost of the enzyme HgiAI, only four populations with a total number 
of 145 individuals were screened. The gene frequency of GST2*a has the highest 
frequency in the white Australians (0.50) and the lowest frequency in Papua New 
Guineans (0.008). The results are tabulated in Table 6.1.
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Table 6.1 Frequency of the HgiAVGST-2 RFLPs in the studied populations
Populations No. of genotype
S.E.
persons ................................................
tested GST2 a GST2 b GST2 ab
(8.1kb) (7.2kb) (8.1/7.2kb) x 2 
obs/exp obs/exp obs/exp
allele frequencies
GST2*A GST2*B
White Australian 12 4 4 4 0.50 0.50 0.102
3.00 3.00 6.00 1.33
North Chinese 12 0 8 4 0.17 0.83 0.077
0.35 8.27 3.39 0.47
Thais 59 3 32 34 0.31 0.69 0.043
5.67 28.09 25.24 4.84
PNGs 62 0 61 1 0.008 0.992 0.008
0.004 61.01 0.98 0.004
Other restriction enzymes were used in order to identify additional RFLPs, which may 
be more informati ve in populations such as that from PNG. Since RFLPs with a 
frequency of less than 5% are not as useful, it is probable that common polymorphisms 
can be detected initially by screening relatively small population samples. In previous 
cases where this strategy has been adopted small samples sizes as low as 8 and 10 have 
been found to be successful (Skolnick and White 1983, Murray et a i, 1987). The 
pGST2-PvuII probe was hybridized with fragments restricted by Avail (26 PNGs 
tested); BamHI (40 whites and 26 Thais); EcoRI ( 8 Chinese); EcoRV (20 whites); Haein 
(7 whites); HincII( 16 PNGs ); Hindin ( 8 Chinese); MspI ( 8 whites); PstI (8 whites and
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26 Chinese); PvuII (28 whites); Rsal (8 whites); Sad (34 Polynesians and 32 
Micronesians); StuI ( 8 whites); and TaqI (14 Chinese), but no polymorphism was 
detected from these filters.
As it has been estimated from other genes studied that about 1 in 100 noncoding 
nucleotide sites may be polymorphic based on the very high degree of variation outside 
the coding portions of the globin gene (Jeffery, 1979; Antonarakis et al., 1982; Murray et 
al., 1983), it is likely there must be other RFLPs at the GST-2 locus that have not 
detected in the present study. This requires further investigation.
6.3 Protein polymorphism of Glyoxalasel
The standard procedure established in our laboratory (Ghosh, 1977) was used for 
GLO 1 typing with the staining method of Kompf et al. (1975). The hemolysates were 
stored in liquid nitrogen before use. Electrophoresis was performed using a Tris (0.1M)/ 
citric acid(0.034M)/ boric acid(0.039M) / lithium hydroxide (0.025M) buffer (pH 7.2) for 
the electrode tank buffer, and a dilution of 1:10 as gel buffer. The 2-Mercaptoethanol 
treated (1%, 1 drop in 0.5ml) samples were applied on 3MM Whatman filter paper in 
12.0% of starch gel (Connaught Laboratories Limited), and electrophoresed with cooling 
at 10°C at a voltage gradient of 18.0 V/cm for four hours. The staining was carried out by 
a filter paper overlay on the sliced gel(s) saturated with (for two gels) 0.46ml pyruvic 
aldehyde, 15mg reduced glutathione in 10ml 0.2M phosphate buffer, pH 6.8 for 30 
minutes at 37°C. The filter paper is then replaced with a 30ml agar (1.0%) overlay 
containing 18mg MTT in 30ml 0.1M Tris/HCl (pH8.5), with sufficient DCIP to make the 
solution blue, and incubated at 37°C for a further 15 minutes. The GLO phenotypes are 
read as pale bands against a blue-green background. A model diagram is shown in Figure 
7.3.
GLO was screened only in the Thai population since both the GST-2/HgiAI RFLP 
results and red cell samples were available for this series.The gene frequencies for 59 
samples are 0.13 for GLO*l and 0.87 for GLO*2, which is close to the 0.15 frequency 
found in a Chinese population living overseas (Ghosh, 1977).
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Figure 6.1 HgiAI fragments hybridized with pGST2-PvuII probe reveals the 
polymorphic bands at 8.1kb (a) and7.2kb (b).
_r-8 .1 kb
~ ' - 7.2 kb
o
o
o
2 2-1 1
Figure 6.2 Diagram showing the GLO 1 electrophoretic patterns
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6.4 GST2-GL0 linkage disequilibrium
The potential linkage disequilibrium between the two loci was tested by the log linear 
modeling technique of Wire and Wilson (1986) for the Thai population where the results 
for GLO and GST-2 were available. The likelihood criteria value is 3.5689 (p > 0.30), 
which is not significant, indicating the absence of linkage disequilibrium between the two 
loci (Table 6.2).
Table 6.2 Test for linkage disequilibrium between GST-2 and GLO 
in the Thai population
GLO
GST2 ++ (1-1) +- (2-1) -  (2-2) Total
++ (7.2kb) 1 5 20 26
+- (8.1/7.2kb) 0 8 22 30
-  (8.1 kb) 0 0 3 3
Total 1 13 45 59
scaled deviance = 3.5689 df = 4 p > 0.30
However, since these two genes have been assigned closely on the short arm of 
chromosome 6 and since linkage disequilibrium does occur among the other loci in that 
region (e.g., HLA, Bf, C2, C4), there might be disequilibrium between these two that 
was not revealed from the RFLPs discovered in this study. More variants need to be 
found at the GST-2 locus and further analysis may disclose a linkage relationship.
CHAPTER SEVEN
GENERAL DISCUSSION
7.1 Introduction
7.2 Comparison between Oceanic populations
7.2.1 Australian Aborigines versus Melanesians
7.2.2 Polynesians versus Micronesians
7.2.3 Southeast Asians versus western Pacific Island populations
7.2.4 East Asians versus western Pacific Island populations
7.2.5 White Australians versus western Pacific Island populations
7.3 Comparison between the dendrograms derived by different
procedures
7.4 Comparison with other population genetic studies in this
region for protein polymorphisms, HLA, nDNA and mtDNA.
7.5 Final conclusion
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7.1 Introduction
The great diversity of peoples living in the Oceanic region considered in the present 
thesis can be classified into the broad areas of Melanesia, Polynesia, Micronesia, 
Australia, East Asia and South-East Asia (Figure 2.1). This diversity provides a unique 
opportunity for the study of the recent human evolution.The widely scattered islands of 
Oceania were among the last places to be colonized by man and the interrelationships and 
migrations between the Oceanic populations themselves and with neighbouring 
populations in east and southeast Asia have long been of interest to anthropologists, 
archaeologists, linguists and human geneticists.
A detailed review of the earlier archaeological and linguistic studies for Oceania and 
Australia has been given by Howells (1973) and Bellwood (1979). Now there is evidence 
for human occupation of the Huon peninsula, northeast New Guinea about 40,000 years 
BP (Groube et a i , 1986) whilst in south east Australia there is strong evidence for 
occupation by 30,000 years ago (Pearce and Barbetti, 1981), with occupation of the New 
Guinea highlands nearly as old (Gillieson and Mountain, 1983). Recently claims have 
been made for occupation dates in New Ireland, east New Guinea — at least at one site -- 
at 33,OOOBP (White et a i , 1988).
The more recent prehistory of the Melanesian area is based on the exploration of sites 
from which a distinctive type of pottery, known as Lapita ware, has been recovered 
(Green, 1979). A recent review of studies of these sites (White et al., 1988) reports that 
they all date to between 3,400 and 2,000 years ago. The sites all occur in coastal or small 
offshore islands and the close similarities in the pottery recovered from the sites from the 
Bismarck Archipelago, as well as the identity of a kind of volcanic glass (obsidian) also 
found in the sites which was transported for distances of up to 3,000 kilometres from the 
sources on Lau Island or on New Britain suggest contact and exchange between the 
peoples inhabitating the sites during the Lapita period.
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White et al (1988) suggest that the developments of language and other aspects of 
culture which gave rise to the Lapita tradition evolved within the Bismarck Archipelago, 
and others, e.g. Terrell (1986) believe that Polynesians stemmed from this very localized 
development. However, as will be discussed later, recent blood genetic evidence 
(Seijeantson, 1989) supports the longer established view that Polynesians, as well as 
Austronesian-speaking Melanesians represent a separate wave of migration from east 
Asia, via coastal areas, such as Halmahera, now part of Indonesia, in south east Asia. 
Some linguistic studies also suggest such a migration to explain the origin and spread of 
the Austronesian group of languages to the Pacific. Austronesian languages are the most 
widespread languages of the Pacific and are clearly distinguishable from the non- 
Austronesian, or Papuan languages spoken in the highlands of Papua New Guinea and 
throughout the western half of New Guinea, both highland and coastal.
A summary of the evidence from physical anthropological, linguistic and blood genetic 
studies on the origins and relationships of Australians, Melanesians, Polynesians and 
Micronesians has been given by Kirk (1980). Since then there have been additional 
studies on blood genetics of Pacific populations. Seijeantson et al.(1982, 1983, 1987, 
1989) have analyzed the data for HLA in the Oceanic region and have shown that the 
HLA system is a powerful tool for assessing the relationships between populations. 
Kamboh and Kirk (1983a, 1983b, 1984), Kamboh et al. (1984, 1985) have used iso­
electric focussing (IEF) techniques to determine the subtypes of several erythrocyte 
enzymes and serum proteins in the same region from various ethnic groups. These latter 
studies not only found some new variants but also demonstrated that the greater power of 
discrimination of IEF revealed the mean heterozygosity per locus varies from 0.40-0.54 
compared to the values of 0.13-0.23 obtained by conventional methods of 
electrophoresis.
The present thesis has extended the amount of genetic information available for a 
selected number of Pacific populations by utilizing data derived from the use of 
recombinant DNA techniques. As outlined in chapters 3-5, the new information includes 
that from the ß-globin gene cluster, the ALB-GC-DBP complex and the Renin - Factor
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XILLB loci. The detailed data for RFLPs and haplotype data, where available, have been 
given in the relevant chapters. In addition these data were used to construct phylogenetic 
trees for the Pacific populations studied as well as in relation to selected populations 
representing major world groupings where the comparable information is available.
In the construction of the phylogenetic trees use has been made of three methods of 
calculating genetic distances and combining these distances into "tree" representations. 
These methods were discussed in more detail in Chapter 2. They are: (1) the UPGMA 
method based on Nei's unbiased minimum genetic distance; (2) Wagner's parsimony 
method based on Cavalli-Sforza and Edward's "chord" genetic distance; and (3) 
phylogenetic trees derived by maximum-likelihood methods.
In the present section a comparison will be made between the various trees derived for 
each of the genetic systems studied. It will examine also the relationships between 
populations in each of the major regional groupings in the area under consideration, 
namely, Australians and Melanesians, Polynesians and Micronesians, S.E.Asians and E. 
Asians and major groupings in the Pacific and finally, white Australians, representing 
Caucasians, with the populations in the Pacific. In making these comparisons attention 
will be drawn to previous population genetic studies, and an attempt will be made to 
identify relationships which are common to all the genetic distance and tree construction 
methods. It is argued that where such commonalty exists it strengthens the case for the 
genetic relationship between the respective populations. Where such commonalty does not 
exist it suggests that either the amount of information is inadequate or that the methods of 
tree construction are inherently incapable of making choices.
7.2 Comparison between Oceanic populations
7.2.1 Australian Aborigines versus Melanesians
One of the interesting findings in the present studies is the striking similarities between 
the series from Australian Aborigines (northwest Australia) and Melanesians from Papua 
New Guinea (PNG), especially the Tolais from Rabaul, New Britain. Using Nei's
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distance statistic and the UPGMA method the haplotype data of the ß-globin genes 
indicates a first split between the Aborigines and Tolais on the one hand and all other 
populations (Figure 3,6). Similarly, using Wagner's method there is a major split which 
includes Aborigines, but this time with Highlanders from PNG (Figure 3.7) and a similar 
configuration holds for the tree constructed by the maximum-likelihood method. In this 
latter case the branch with Aborigines and PNG Highlanders either splits next to the 
Tolais, or splits to a more extreme position (Figure 3.8 b,c). This may be because, on the 
one hand the Aborigines and Tolais have the most similar frequencies for the common ß - 
globin haplotypes +—  or -+-++ (0.51 and 0.58 or 0.21 and 0.24) respectively. As well 
the individual allele frequencies for the five polymorphic restriction sites in Aborigines 
and Tolais are very similar (Table 3.2). On the other hand Aborigines and PNG 
Highlanders have similar frequencies for some other common ß-globin haplotypes, 
namely, -h—+, ++— and +— h The latter two are very rare in other populations.
The data for the ALB-GC-DBP complex also shows the Aborigines and Tolais to be 
very close to one another, using UPGMA or Wagner's methods (Figure 4.4, 4.5). In 
contrast to the ß—globin data, the Karimuis, an intermediate PNG population, occupy a 
variable position with respect to the Tolais in the various methods of analysis.
Considering the ALB and GC gene frequencies both Aborigines and Tolais have 
frequencies of ALB*1 (0.23 and 0.26) significantly lower (p < 0.01) than all the other 
populations, where the ranges are 0.42 - 0.64. Similarly these two populations have a 
very low haplotype frequency for ALB*1-GC*F-DBP*B (0.03 and 0.04) and the highest 
ALB*2-GC*S-DBP*A (0.28 and 0.15) compared with all the other populations.
It should be noted that in the analysis of ALB-GC-DBP haplotype data the Karimuis 
and Tolais are split off together, followed by the Aborigines, who cluster remotely with 
the other Pacific populations and white Australians (Figure 4.8, 4.9 and 4.10). The 
Eastern Highlanders, however, cluster unexpectedly with Nauruans in Nei's tree, whilst 
in both Wagner and M-L trees, they split with Kiribatis and Rarotongans.
The close relationship of Aborigines and Tolais is shown again in the phenograms 
based on the allele frequencies of renin (REN) and factor 13B (FXIIIB) (Figures 6.6,
6.7, and 6.8). The allele frequencies in these two populations are very similar with 
Aborigines having frequencies of 0.06 for REN*1 and 0.31 for FXIIIB and Tolais 
having respective frequencies of 0.07 and 0.30.
Finally, when all the RFLP and haplotype data is combined, the Aborigines and Tolais 
also emerge together, with the next closest population being Karimuis (See Figures 6.9, 
6.10 and 6.11).
Previous studies based on other blood genetic markers have noted the close 
relationships between Aborigines and PNG Highlanders (e.g. Kamboh, 1984; 
Seijeantson et al., 1982; Keats, 1977, Schanfield, 1977), and Keats (1977) showed that 
the Anga, an intermediate Papuan population, were indeed very close to Aborigines, 
particularly those from central Australia. Unfortunately there is very little previous blood 
genetic information from the Tolais so direct comparison with the present results is not 
possible. However, it is worth noting that Howells (1973) using multivariate techniques 
utilizing data on skull measurements reported a close relationship between Aborigines and 
Tolais, though this result has not been substantiated by some other workers using similar 
techniques (Giles, 1976).
The close genetic relationship between Aborigines and Tolais, as well as with 
Karimuis and PNG Highlanders, is consistent with what is known of the prehistory of 
the region. As summarized at the beginning of this chapter the first movement of people 
into Sahul-land (i.e. the single Pleistocene land mass of Australia and New Guinea) took 
place of the order of 50,000 years ago. Wurm (1983) suggests on the basis of linguistic 
evidence that a second migration into the area was by Papuan-speakers and that this 
occurred before the end of the Pleistocene Epoch. Until recently it was thought that the 
occupation of islands such as New Britain and New Ireland, the home of present day 
Tolais, was much later. Golson (1982) suggested that New Ireland occupation, using 
evidence from Baloff rock shelter, took place only 7,000 years ago. However, as noted 
earlier more recent excavations have provided evidence for occupation on New Ireland at 
least 30,000 years ago (White et a l , 1988). So it is plausible to suggest that groups of 
genetically-related populations were widespread across Sahul-land and also reached
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nearby islands 30-40,000 years ago. Whilst subsequent migrations and population 
movements have modified the original genetic background of their populations, there are 
sufficient similarities remaining for this group of Papua New Guinea and Australian 
Aboriginal populations to remain genetically close, as indicated by the present analysis of 
DNA RFLPs and hapiotypes.
7.2.2 Polynesians versus Micronesians
Another topic that has occupied a central position in discussions of the peopling of the 
Pacific is the relationship between peoples in Micronesia and Polynesia. Excellent 
summaries of these views have been presented by Bellwood (1979) and Howells (1973). 
The present investigation shows that the two populations representing Polynesians (Niue, 
Rarotonga) and the two representing Micronesians (Kiribati and Nauru) nearly always 
cluster together, though sometimes one or more of them cluster with east Asian 
populations.
For the ß-globin gene cluster all four populations show unique characteristics in the 
allele frequency of some of the polymorphic sites (Table 3.1). The frequency for the 
presence of site 1 (>0.90) is the highest reported so far, whilst frequencies for sites 2, 3, 
4 and 5 (< 0.10) are the lowest. The Polynesians and Micronesians therefore have 
restricted genetic variability of the ß-globin gene cluster, with 83-98% of the 
chromosomes being homozygous or heterozygous for the presence of only one site. The 
dendrograms shown in Figures 3.6, 3.7 and 3.8 clearly cluster these four populations 
together, splitting them off with east and southeast Asians from the other populations.
The results for the ALB-GC-DBP hapiotypes show that the Rarotongan and Kiribati, 
Niuean and Indonesian populations are close together by each of the three methods of tree 
formation, whilst the Nauruans are separated with the Eastern Highlanders in UPGMA 
tree but with the white Australian and Chinese in the Wagner and M-L trees.
All three methods of tree formation using the data for the REN and F13B loci put the 
Niueans, Rarotongans and Kiribatis in a cluster with the southeast Asians, leaving the
161
Nauruans to cluster with the east Asians. The first three populations have low frequencies 
of REN*A (0.05-0.07) and F13B*A (0.09-0.13) while Nauruans are higher (0.25 and 
0.23 respectively) the latter being much closer to the east Asian values of 0.16 and 0.24.
Finally, if the data for all three genetic complexes are combined, the Polynesians and 
Micronesians fall together with the east and southeast Asians in one major cluster, 
separated from the other major cluster containing Aborigines and Melanesians.
This evidence supports, therefore, the view that Polynesians are genetically distinct 
from Melanesians, and are not derived by local evolution from a former Melanesian 
group. The Polynesians, together with Micronesians, are most closely allied genetically 
with east Asians, a view which corresponds with that based on linguistic evidence, which 
places the origin of the Austonesian language in the area of Taiwan.
The genetic separateness of Polynesians and Melanesians is strongly supported by the 
detailed studies of the a-globin gene complex. A recent paper by Hertzberg et al (1988) 
shows that two a-globin gene haplotypes enable Polynesians to be distinguished from 
Melanesians, and they conclude that three of the haplotypes present in Polynesians 
suggests "a genetic component derived from an ancestral population, whose origin may 
lie further west of island Melanesia." In their study of HLA types in the Pacific, 
Seijeantson et al (1987) conclude also that Polynesians are genetically distinct from 
Melanesians and share same HLA types with southeast Asians. Seijeantson (1987) also 
has drawn attention to the close links between Nauruans and Indonesians and has 
calculated the degree of intermixture between the two populations.
7.2.3 Southeast Asian versus western Pacific Island populations
The series of samples from Jogjakarta, on the island of Java, Indonesia, were 
provided by Dr. S. Sofro and were taken as a representative of southeast Asians. 
Indonesians, as pointed out by Kirk (1980) are very diverse in their ethnic and genetic 
background. Excavations of human skeletal remains indicate the evolving populations in 
Indonesia derived traits from the upper Pleistocene, which suggests that Indonesia was 
the home at that time of "old Melanesians" (Howells, 1973). Archaeological evidence for
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recent human occupation and movement (Bellwood, 1979) as well as a genetic distance 
study based on protein polymorphisms (Sofro, 1983) reveals that the Austronesian 
migration in the Pacific region could well have originated in Indonesia. Further, 
linguistic, cultural and genetic traits in Micronesia indicate that the original migrants 
could have come mainly from Indonesia and the extended S.E. Asian land mass.
Of the four genetic systems included in the present study only in one case was a 
Melanesian group clustered with the Indonesian series. This was for the ß-globin gene 
cluster, where the frequencies of the five polymorphic sites in the Indonesians (0.78,
0.23, 0.03, 0.16 and 0.23) were similar to those for the Karimuis (0.75, 0.21, 0.05,
0.19 and 0.27). The dendrograms in Figures 3.6, 3.7 and 3.8, based on these data, show 
these two populations clustering together. For all the other data, however, the 
dendrograms based on ALB-GC-DBP, REN and F13B, the Indonesians are shown 
having the closest relationship with either the Polynesian or Micronesian populations.
For the ALB-GC-DBP gene clusters, the Indonesian ALB*1 gene frequency, 0.48 
(Table 4.3), is in the range of the Polynesians ( 0.52) and Micronesians ( 0.44 ). The 
GC*F frequency (Table 4.4) reaches the highest value of 0.64, but the Polynesians 
(0.50) and Micronesians (0.36-0.48) are also higher than the other Oceanic populations. 
The DBP*1 gene frequency (0.44) is not much different from the other groups since most 
of the Melanesians, Micronesians and Polynesians are in the range of 0.33-0.44, except 
for the Rarotongans and Chinese (0.24-0.26). The phenograms based on this haplotype 
cluster Indonesians tightly with one Polynesian group from Niue, and close to the other 
split of Rarotongan and Kiribatis except in the M-L tree (Figure 4.8, 4.9 and 4.10).
Finally, the dendrograms based on all of the data from the present study place 
Indonesians in one major cluster with the Polynesians, Micronesians and the East Asians, 
while the other major cluster, including the Papua New Guineans and Aborigines, 
separated very distinctly. The Indonesians' closest partner in the dendrograms are the 
Niueans, followed by Kiribatis, and Rarotongans in Nei's tree and Wagner tree (Figure 
6.9 and 6.10), while in the M-L phenograms only the position of the Niueans and 
Kiribatis are reversed.
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7.2.4 East Asian versus western Pacific Island populations
Two series of samples, from north and south China, were investigated as 
representative of east Asian populations. China, with the biggest population in the world 
of over 1,000 million, has 56 different ethnic groups, in addition to the Han people who 
account for 93% of the total population (Du and Chen, 1986; Foreign Languages Press 
Beijing, 1987). The subjects for the present study were Han peasants from the north 
Chinese Province of Hobei, and normal healthy Han subjects of Hong Kong consisting 
predominantly of Cantonese with ancestral origins in south China collected by Dr. B. 
Hawkins from the Queen Mary’s Hospital in Hong Kong.
In the dendrograms for the ß-globin gene cluster, the East Asians cluster in all three 
trees with the Polynesian dendrogroup from Rarotonga as the first partner (Figures 3.6, 
3.7 and 3.8). In the dendrograms for the ALB-GC-DBP gene complex, Nei’s tree (Figure 
4.8) places the northern and southern Chinese in a pair with Nauruans and Eastern 
Highlanders in one split; In the Wagner (Figure 4.9) and M-L trees (Figure 4.10), 
southern Chinese split off from white Australians, and northern Chinese join the group 
next to the Nauruans.
The dendrograms based on the REN and F13B data shows the east Asians cluster with 
southeast Asians and the Micronesians and Polynesians, the Nauruans in fact being the 
closest. Finally, the dendrograms based on the combined data (Figures 6.9, 6.10 and 
6.11) place the two east Asian groups in a major cluster with the Polynesians and 
Micronesians.
7.2.5 White Australian versus western Pacific Island populations
As representative of Europeans, the present study used a series of Canberra blood 
donors from the white Australian population, except for the ß-globin gene complex. In 
this case, since ß-globin gene data has been published for several European populations,
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average values from these studies were used and combined with the other haplotype data 
for the construction of the dendrograms. Also, since ß-globin gene data exists for several 
other world populations, it was possible to use this in constructing a tree on a broader 
scale than was possible for the other systems.
In Figure 3.9, which is based on Nei's genetic distance for the ß-globin gene data in 
world populations, it is interesting that Europeans, together with Asian Indians are 
included in a cluster with Aborigines and Coastal Papua New Guineans. In the Wagner 
tree, however, Europeans cluster with east Asians and Polynesians, whilst in one of the 
maximum-likelihood trees Europeans and Indians are clustered also with east Asians and 
Polynesians whilst in the other M-L tree Europeans and Indians are between the Africans 
(who are in one extreme position) and the east Asians.
For the other systems Europeans are represented by the data for white Australians. In 
the dendrograms based on the ALB-GC-DBP gene complex data (Figures 4.8, 4.9 and
4.10) , white Australians are in the most distinct position, being split from all of the other 
Oceanic populations in Nei's tree. Wagner’s tree is structured similarly except the 
southern Chinese are clustered remotely with the white Australians in the first major split. 
The M-L tree also places white Australians apart with the southern Chinese cluster, which 
is in between the Aborigines and Papua New Guineans on one side, and the Polynesians, 
S.E.Asians, E. Asians and Micronesians on the other side. In the dendrograms based 
on the pooled data from the present study, Nei's tree (Figure 6.9) places the white 
Australians again at the greatest distance from the Oceanic populations, which resolve into 
another two subclusters; while both the Wagner tree (Figure 6.10) and M-L tree (Figure
6.11) place white Australians and Karimuis in one cluster with a long path, and this 
cluster is in the middle with Melanesians and Aborigines on one side and Polynesians, 
Micronesians, S.E. Asians and East Asians on the other.
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7.3 Comparison between the trees derived by different procedures
In the previous chapters the contribution made by individual haplotypes and/or loci 
towards genetic distance analyses has been outlined. Each haplotype/system studied 
seems to be very useful for such analyses. However, as Nei and Roychoudhury (1983) 
point out, reliable estimates of genetic distance must utilize data from a large number of 
loci. For the present purpose, therefore it is of interest to pool the information from all of 
the haplotype and RFLPs data obtained from this study, and to make a comparison of the 
phenograms derived by the three different analytical techniques.
Based on the previous analyses, the ethnic groups within the broad region(s) are 
always close to each other. To obtain a clear picture, therefore, the series of 12 to 14 
populations in the present study were combined into eight broad major geographic/ethnic 
groups as follows:
1. Papua New Guinea lowlanders (Tolais and the series from Madang)
2. Papua New Guinea highlanders (Eastern Highlanders and Karimuis)
3. Australian Aborigines (Kalumburu and Mowanjum)
4. Micronesians (Nauruans and Kiribatis)
5. Polynesians (Rarotongans and Niueans)
6. S.E.Asians (Indonesians)
7. East Asians (northern and southern Chinese)
8. White Australians (blood donors in Canberra but with European data for the ß- 
globin gene cluster)
The matrix of genetic distance coefficients by Nei’s (1978) unbiased minimum 
distance method (above diagonal) and by Cavalli-Sforza & Edwards' (1967) chord 
distance (below diagonal) are shown in Table 7.1. The phenograms were constructed by 
the three procedures outlined in Chapter 2 and are shown in Figures 7.1 (Nei’s tree), 
7.2(Wagner's tree) and 7.3(M-L tree).
The combined genetic distance results of the five gene systems give somewhat 
different patterns of the relationships between certain groupings of the Pacific
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Table 7.1 Matrix of genetic distance coefficents (x lO O O ) based on the pooled data of 
haplotypes and RFLPs for the Oceanic Populations
Below diagonal: Cavalli-Sforza & Edwards (1967) chord distance 
Above diagonal: Nei (1978) unbiased minimum distance
Population 1 2 3 4 5 6 7 8
1 PNG L-Land *** 21 42 37 13 27 49 39
2 PNG H-Land 252 *** 62 43 35 28 57 30
3 Polynesia 262 244 *** 6 50 13 6 101
4 Micronesia 291 234 167 * * * 46 6 8 76
5 Aborigines 278 246 281 314 * * * 36 54 50
6 E Asia 272 189 162 180 286 * * * 16 50
7 S.E.Asia 310 244 176 195 312 222 * * * 99
8 White Aust. 319 273 343 341 368 260 368 ***
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populations. However the three phylogenetic trees share common features in that 
A): Aborigines and Papua New Guinea lowlanders are the closest partners, and together 
with the Papua New Guinea highlanders, they form a distinct cluster which clearly 
separates them from the other cluster, and B): the second major cluster consists of East 
Asians, Micronesians, S.E. Asians and Polynesians, the latter two populations being 
tightly grouped. The differences in the three patterns are that 1) the white Australians fall 
into a loose cluster with the Papua New Guineans and Aborigines in both UPGMA and 
Wagner’s trees, while in the M-L tree the white Australians are very distinct from the two 
major clusters and are placed to one extreme end with the closest partner being East 
Asians; 2) the E. Asians are tightly clustered in Nei’s tree, whilst they are split next to 
each other in both the Wagner and M-L trees.
The matrix of genetic distance coefficients (Table 7.1) shows that the greatest distance 
is between Europeans and Polynesians obtained by Cavalli-Sforza and Edwards' chord 
distance (10.lx 10"2), and between Europeans and Aborigines as well as Indonesians by 
Nei's unbiased minimum distance (36.8 x 10"2), whilst the shortest distance is between 
the S.E.Asians and Polynesians; between E. Asians and Micronesian; and between 
Polynesians and Micronesians (0.6 x 10'2) by Cavalli-Sforza and Edwards distance, and 
between the S.E.Asians and Polynesians (0.7 x 10"“) by Nei’s distance. In the M-L tree 
the white Australians split in the longest branch length (20.4 x 10"3), and the Polynesians 
join the S.E.Asians' branch in the shortest branch (2.84 x 10"3).
The basic patterns of the relationships between the Oceanic populations obtained from 
the present study is very similar to that obtained by other workers for the protein 
polymorphisms, HLA, nDNA and mitochondrial DNA investigated in the same regions. 
The results of these studies are briefly outlined in the next section.
7.4 Comparison between the other population genetic studies on protein 
polymorphisms, HLA, nDNA and mtDNA.
Summarizing the protein genetic markers of four highly polymorphic loci (proteinase 
inhibitor, transferrin, group-specific component and phosphoglucomutase-1), Kamboh
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(1984) showed that Australian Aborigines from the central desert area and Papua New 
Guineans from the Eastern Highlands and Sepik River areas have close affinities with 
each other, and they form a branch in a phenogram based on Nei's genetic distance that is 
the earliest to split. The other Asians (Chinese, Japanese and Thais) and Pacific 
populations (one Polynesian population from Cook Islands) fall into a loose cluster. A 
sub-group which is a little more separate consists of two Micronesian groups, Kiribati 
and Nauru as well as a group from New Caledonian (Melanesian).
A study of human leucocyte antigens (Seijeantson 1985) showed that although 
Australian Aborigines failed to cluster with any other group in the genetic distance 
analyses, HLA linkage relationships clearly indicate the persistence of Australoid elements 
in Melanesia; the Micronesians (Nauru) had an independent source of an HLA gene 
(HLA-B35) which is virtually absent from Polynesians and Melanesians. It is probably 
derived from a S.E.Asian source (Philippines). Therefore, no close affinity was detected 
between Polynesians and Micronesians, but they were together in one major cluster.
More recent data has shown that the HLA-DR5 associated DR.DQ DNA haplotype (HLA- 
DR5P) is shared by contemporary S.E.Asians and Polynesians (Seijeantson et al., 1987).
A study of DNA analysis of the a-globin gene (Hill et al., 1985) revealed a unique a  
thalassemia mutation involving an unusual Apal RFLP associated with the a + thalassemia 
defect (-a^-TlII/) that was detected exclusively in the Melanesians and Polynesians. This 
nDNA analysis demonstrated genetic similarity between the two groups. A recent study 
(Trent et al., 1988) has shown that - a ^ m  has a low frequency of 1-3% in eastern 
Polynesia (Tonga and Western Samoa) which is likely to be due to genetic drift. 
Polynesians were also reported to have many rearrangements in globin genes between 
island groups (Trent et al., 1986).
Studies on mitochondrial DNA have revealed a deletion of one copy of a nine base pair 
tandem repeat sequence in its noncoding V region, which was found to be an Asian- 
specific marker in 20% of East Asians and Japanese (Wrischnik et al., 1987; Horai and 
Matsunaga, 1986). A more recent study found this marker is almost universal (93%) in 
Eastern Polynesians and but also is present in low frequencies (8-14% ) in some of the
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lowland Papua New Guineans. These data provide additional genetic evidence of an 
ultimate East Asian derivation for the Polynesians whose ancestors colonized the Pacific 
independently of the other Melanesian populations (Hertzberg et al., 1989).
The present investigations therefore, together with those referred to above, show that 
the Polynesians are close to east Asians in their genetic affinities, a view espoused most 
strongly on the basis of linguistic and cultural traits by Bellwood(1978).
7.5 Final conclusion
In conclusion, the present study shows that the analysis of DNA sequence variation by 
means of RFLP detection is an additional means of understanding human population 
relationships. The frequencies of closely linked markers, or haplotypes, appear to give 
more informative results.
The comparison of analyses of the relatedness of the Oceanic populations based on 
different multivariate statistical techniques indicate that, of the three dendrograms 
constructed in this thesis from the combined nDNA haplotype and RFLPs data, the 
maximum likelihood estimation gives a pattem that is more consistent with accepted 
relationships. The features of the inter-ethnic group relationships are as shown in Figure 
7.3 where:
1) Australian Aborigines' closest partner is from lowland Papua New Guineans,
especially Tolais from New Britain;
2) Polynesians' immediate neighbours are S.E.Asians from Indonesia;
3) Micronesians are closest to Polynesians and S.E.Asians rather than to
Melanesians and Aborigines;
4) E.Asians split next to the S.E.Asian cluster and
5) The white Australians are more distinct from the other Pacific populations.
Finally, it is clear that these data cannot be considered separately. The most meaningful 
analysis will be attained when information for a large series of DNA markers or
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haplotypes is pooled, and the research from other disciplines must be drawn upon for a 
general comparison.
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